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THE  LARAMIE  FLORA  OF  THE  DENVER  BASIN, 

WITH  A  REVIEW  OF  THE  LARAMIE  PROBLEM. 


By  F.  H.  Knowlton. 


INTBODUCnON. 


Id  the  investigation  of  the  Laramie  flora 
which  I  began  about  1889  it  was  my  original 
intention  to  study  the  flora  of  the  Laramie 
formation  of  the  entire  Rocky  Mountain  region, 
over  which  the  formation  was  then  understood 
and  generally  accepted  as  being  widely  dis- 
tributed. As  a  preliminary  to  this  study  the 
older  collections,  which  had  served  as  the 
basis  for  the  work  of  Lesquereux,  Newberry, 
and  others,  were  critically  reviewed.  To  tl^ 
basis  was  to  be  added  the  new  material  that 
was  becoming  available  in  ever-increasing 
volume.  It  very  soon  became  evident,  how- 
ever, that  opinion  concerning  the  Laramie  for- 
mation was  undergoing  a  transition,  during 
which,  as  will  he  shown  in  the  historical  review 
which  follows,  area  after  area  was  found  to 
have  been  incorrectly  or  unwisely  assigned  to 
the  Laramie.  The  work  was  consequently  de- 
layed pending  the  settlement  of  these  disputed 
pointe,  and  subsequent  events  have  abundantly 
proved  the  wisdom  of  postponement,  for  other- 
wise the  result  would  have  been  a  composite 
picture  and  open  to  the  same  objections  as 
those  that  fall  upon  Ward's  "Flora  of  the 
Laramie  group."  The  revision  of  the  older 
material,  together  with  the  descriptions  of 
auch  new  material  as  came  to  hand  from  time 
to  time,  has  consequently  lain  in  manuscript 
for  many  years,  though  it  has  been  available 
and  has  furnished  the  basis  for  numerous  ten- 
tative considerations  of  this  flora. 

In  view  of  the  uncertainties  as  to  the  ultimate 
classification  of  certain  of  the  supposed  Laramie 
areas,  it  was  finally  decided  to  restrict  this  ac- 
count to  an  area  about  which  there  is  little  or  no 
disagreement.     The  Denver  Basin  in  Colorado 


offers  such  an  area.  ,  The  geologic  relations  of 
the  Laramie  as  understood  in  1895  were  set 
forth  by  Emmons,  Cross,  and  Eldridge  in  their 
monograph  on  the  geology  of  the  Denver  Basin.' 

After  the  segregation  of  the  Arapahoe  and 
Denver  formations  from  the  Laramie,  there  re- 
mained the  Laramie  unit  as  now  accepted, 
which  is  believed  to  fulfill  in  all  essential  par- 
ticulars the  requirements  of  the  ori^al  defini- 
tion by  King.  When  the  Denver  Basin  mono- 
graph was  published,  it  was  supposed  that  the 
coal-bearing  Laramie  rocks  were  present 
throughout  the  Front  Range.  Subsequent 
study  has  shown,  however,  that  the  Laramie  is 
not  now  known  to  extend  beyond  Colorado 
Springs  on  the  south. 

This  paper  deals  with  the  plants  known  from 
the  Laramie  of  the  Denver  Basin,  which  is  here 
considered  as  slightly  larger  than  the  limits  set 
in  the  monograph  above  mentioned,  extending 
from  the  vicinity  of  Greeley  to  the  divide  near 
Palmer  Lake  on  the  south.    The  southernmost 
exposure  of  Laramie  rocks  in  the  Castle  Rock 
quadrangle  is  in  practical  continuity  with  the 
Laramie  in  the  Denver  Basin  and  is  separated 
by  a  covered  interval  of  only  al 
from  the  nearest  exposure  of  Lb 
Colorado  Springs  quadrangle.     Ti 
Laramie  extends  for  varying  dist 
the  plains,  where,  however,  it  is 
deeply  covered  by  the  Arapaho 
formations  or  the  Dawson  arkose. 

The  material  on  which  this  pi 
was  derived  from  many  sources. 
original  material  on  which  Ijesq 
his  studies  is  preserved  in  the  T 
National  Museum  and  has  beei 


I  u.  s.  a«i.  BuTTcr  Hon.  a?,  ins. 


INTRODUCTION. 


suited.  It  was  collected  in  part  by  F.  V. 
Hayden  and  in  part  by  Lesquereux  or  by 
persons  in  correspondence  with  him.  The 
very  earliest  collection  made  by  Hayden,  at 
Marshall  in  1867,  is  apparently  lost.  The 
types  of  the  few  species  described  by  J.  S. 
Newberry  are  also  preserved  in  the  United 
States  National  Museum.  About  1884  an  im- 
portant collection  was  made  for  Newberry  by 
N.  L.  Britton,  now  of  the  New  York  Botanical 
Garden.  The  larger  part  of  this  collection 
came  from  mines  near  Erie,  Colo.,  from  which 
no  additional  material  has  been  procured. 
Other  parts  of  this  collection  were  made  at 
Marshall  and  on  Coal  Creek.  All  this  material 
has  been  placed  at  my  disposal  by  Dr.  Arthur 
HoUick.  Considerable  collections  were  made 
by  Lester  F.  Ward  in  1883,  but  heretofore 
they  have  only  partly  been  described.  During 
the  prosecution  of  the  work  which  resulted  in 
the  publication  of  the  Denver  Basin  mono- 
graph, Emmons,  Cross,  and  Eldridge  obtained 
a  number  of  small  collections,  and  imder  the 
instructions  of  Emmons  larger  and  important 
collections  were  made  by  Arthur  Lakes  and 
G.  L.  Cannon.  These  collections,  made  in 
1889  and  1890,  have  not  before  been  described. 
A  small  collection  from  Crow  Creek,  near 
Greeley,  was  made  in  1896  by  T.  W.  Stanton 
and  me.  The  largest  collections  obtained  in 
recent  years  were  made  by  A.  C.  Peale  and  me 
in  1908.  The  material  in  the  museum  of  the 
University  of  Colorado,  at  Boulder,  has  been 
placed  at  my  disposal  by  the  custodian.  Judge 
Junius  Henderson.  Smaller  collections  or 
individual  specimens  have  been  commimi- 
cated  by  T.  D.  A.  Cockerell,  of  Boulder;  R.  D. 
George,  State  geologist  of  Colorado;  G.  L. 
Cannon,   of  Denver;  G.   B.   Richardson   and 


M.  I.  Goldman,  of  the  United  States  Geological 
Survey;  and  G.  I.  Finlay,  formerly  of  Colorado 
Springs.  Invaluable  data  regarding  the  sup- 
posed upper  part  of  the  Laramie  were  ob- 
tained by  W.  T.  Lee,  of  the  United  States 
Geological  Survey,  in  1915.  To  these  men  and 
all  others  who  have  contributed  to  this  study 
the  appreciation  of  the  writer  is  hereby  ex- 
pressed. 

Notwithstanding  the  fact  that  these  very 
considerable  collections  have  been  brought 
together,  the  flora  is  neither  large  nor  very 
impressive.  In  the  first  place,  although  plants 
are  widely  distributed  in  the  Laramie,  they 
are  rarely  found  in  any  great  abundance. 
The  matrix  in  which  they  occur  is  usually  a 
soft,  friable  sandstone  which  is  not  fitted  to 
retain  the  plant  impressions  with  fideUty,  and, 
moreover,  it  is  difficult  to  find  perfect  speci- 
mens. In  attempting  to  present  as  complete  a 
picture  as  possible  of  the  plant  life  of  the 
time,  it  has  frequently  been  necessary  to 
characterize  forms  on  rather  slender  data.  It 
is  hoped,  however,  that  all  are  figured  and  de- 
scribed adequately  enough  to  be  recognizable 
in  the  future. 

A  word  should  be  said  concerning  the  two 
styles  of  plates  in  this  report.  Plates  XX~ 
XXVm  were  made  a  number  of  years  ago, 
when  it  was  the  custom  to  make  pen  drawings 
of  the  specimens.  These  were  drawn  on  an 
enlarged  scale,  requiring  a  one-third  reduction 
to  bring  them  to  natural  size.  The  figures  on 
Plates  I-XIX  were  photographed  natural 
size  and  merely  have  had  the  outlines  and 
nervation  strengthened.  The  impossibility  of 
having  the  two  styles  of  drawings  mixed  on 
the  same  plate  accounts  for  the  scattering  of 
the  figures. 


Part  I.    HISTORICAL  REVIEW  OP  THE  LARAMIE  PROBLEM. 


EARLY  OPINIONS  CONCERNING  THE  COAL- 
BEARING  ROCKS  OF  THE  ROCKY  MOUNTAIN 
REGION. 

As  this  report  is  the  first  of  what  is  proposed 
to  be  a  short  series  of  papers  dealing  with  the 
stratigraphy  and  paleobotany  of  certain  late 
Cretaceous  and  early  Tertiary  formations  in  the 
Rocky  Mountain  region  it  is  thought  desirable 
to  present  rather  completely  a  historical  review 
of  opinion  which  led  to  the  establishment  of  the 
term  Laramie  and  to  its  subsequent  appHca- 
tion.  This  review  includes  not  only  the  Lara- 
mie formation  in  its  typical  area  in  the  Denver 
Basin  of  Colorado,  but  also  various  beds  at  one 
time  considered  to  be  of  Laramie  age.  For 
more  than  60  years  what  finally  came  to  be 
known  as  the  '' Laramie  problem"  has  been 
more  or  less  of  a  storm  center  in  American 
geology.  Its  discussion  has  given  rise  to  an 
extensive  body  of  literature,  and  it  is  only 
within  the  last  decade  that  a  solution  has  been 
arrived  at  which,  at  least  to  me,  appears  to  be 
logical  and,  it  is  hoped,  permanent. 

The  history  of  the  Laramie  formation,  as 
already  intimated,  is  long  and  compUcated,  and 
the  literature  is  widely  scattered  through  a 
series  of  papers  and  reports  in  a  manner  that  is 
very  confusing  to  one  who  attempts  to  gain  a 
comprehensive  knowledge  of  it.  A  niunber  of 
articles  have  been  published  dealing  more  or 
less  completely  with  the  historical  develop- 
ment of  the  Laramie  problem.  One  of  the 
most  complete  for  its  time  was  that  by  Lester 
F.  Ward,'  published  in  1886.  Five  years  later 
C.  A.  White  *  again  reviewed  the  subject  as  it 
finally  appeared  to  one  who  had  taken  a  large 
part  in  shaping  it,  and  in  1906  George  P.  Mer- 
rill ^  devoted  a  special  chapter  to  the  Laramie 
question,  which  he  ranked  with  the  well-known 
"Taconic  question."  The  ''Index  to  the 
stratigraphy  of  North  America,''  by  Bailey 
Willis,^  also  contains  valuable  data  on  the  Lara- 

*  Wftrd,  L.  F.,  Synopsis  of  the  flora  of  the  Laramie  groap:  U.  8.  Qeol. 
Survey  Stzth  Ann.  Kept.,  pp.  3d9-557, 1886. 

*  White,  C.  A.,  Correlation  papers— Cretaceous:  U.  8.  Oeol.  Surrey 
BuU.  82, 1891. 

<  Merrill,  0.  P.,  Contributions  to  the  history  of  American  geology: 
U.  S.  Nat.  Mus.  Kept,  for  1904,  pp.  647-658,  1906. 
*  U.  S.  Qeol.  Survey  Prof.  Paper  71, 1912. 


mie  formation,  especially  as  regards  certain  of 

the  later  phases  of  opinion  regarding  it. 

Although  the  term  Laramie  first  appeared 

in  print  in  1875,  it  is  essential,  to  understand 

the  conditions  which  led  up  to  the  use  of  the 

term  and  made  it  necessary,  to  go  back  at 

least  as  far  as  1854,  the  date  which  marks  the 

beginning  of  F.  V.  Hayden's  explorations  in 

the  Missouri  River  region.    As  Ward  •  says: 

FYoin  the  drciimstance  that  at  nearly  all  places  where 
it  has  been  recognized  it  consists  to  a  greater  or  less  extent 
of  deposits  of  lignite  or  coal,  this  condition  was  for  a  time 
inseparably  associated  with  it  to  such  an  extent  that  there 
was  a  disposition  to  regard  all  the  lignitic  deposits  of  the 
West  as  belonging  to  the  same  geological  formation. 

Prior  to  the  work  of  Hayden  the  presence 
of  coal  in  the  upper  Missouri  River  region  had 
been  noted  by  Lewis  and  Clahk  in  1804-1806, 
by  Nicollet  in  1839,  by  Audubon  and  Harris 
in  1843,  and  by  John  Evans  in  1849  and  1853, 
but  very  little  was  recorded  by  these  observers 
concerning  the  geology.  In  1853  F.  B.  Meek 
and  F.  V.  Hayden  were  employed  by  James 
Hall,  then  and  for  many  years  thereafter 
State  geologist  of  New  York,  to  visit  the  bad- 
lands of  TThite  River  for  the  purpose  of  mak- 
ing collections  of  Cretaceous  and  Tertiary 
fossils  in  that  region.  They  brought  back 
extensive  collections  of  vertebrates  and  inver- 
tebrates, the  latter  especially  from  the  vicinity 
of  Sage  Creek  and  several  localities  on  Mis- 
souri River,  mainly  below  Fort  Pierre.  Sub- 
sequently Hayden  spent  two  years  in  explora- 
tion and  in  collecting  fossils  in  the  same  gen- 
eral region,  and  in  1856  he  again  visited  this 
country  in  connection  with  an  expedition 
under  the  direction  of  Lieut.  G.  K.  Warren. 

The  data  acquired  on  these  expeditions  re- 
sulted in  the  publication  of  a  series  of  valu- 
able papers  in  the  paleontology  and  geology 
of  the  Missouri  River  region,  or  Nebraska 
Territory,  as  it  was  then  called.  The  first  of 
these  papers  was  written  by  Hall  and  Meek,' 
and  although  it  was  concerned  mainly  with 

*  Ward,  L.  F.,  Synopsis  of  the  flora  of  the  LaninTo  group:  U.  8.  Oeol. 
Surrey  Sixth  Ann.  Rept.,  p.  406, 1886. 

'  Hell,  James,  and  Meek,  F.  B.,  Description  of  new  species  of  fossils 
from  the  Cretaoeoos  formation  of  Nebraska,  etc.:  Am.  Acad.  Arts  and 
Sci.  Mem.,  vol.  5,  pt.  2,  pp.  379-411,  1855. 
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the  description  of  new  species  of  invertebrates 
it  contains  (p.  405)  a  geologic  section  und^r 
the  heading  '' Section  of  the  members  of 
the  Cretaceous  formation  as  observed  on  the 
Missouri  River  and  thence  westward  to  the 
Mauvaises  Terres."  The  stratigraphic  units 
of  this  section,  which  practically  correspond 
to  those  accepted  at  the  present  day,  were 
numbered  in  ascending  order  from  1  to  5, 
but  they  were  not  then  named.  Above  the  Cre- 
taceous portion  of  the  section  was  recorded 
the.  Eocene  Tertiary,  which  was  given  a 
maximum  thickness  of  250  feet. 

In  1856  the  elaboration  of  the  invertebrates 
was  continued  by  Meek  and  Hayden/  who 
quoted  the  geologic  section  from  Hall  and 
Meek  without  change,  except  that  the  Tertiary 
was  given  a  thickness  of  400  to  600  feet  and 
was  said  to  be  composed  of  ''beds  of  clay, 
sandstone,  lignite,  etc.,  containing  remains  of 
vertebrates  and  in  places  vast  numbers  of 
plants,  with  land,  fresh-water,  and  sometimes 
marine  or  estuary  MoUusca."  As  regards  the 
Cretaceous  portion  of  the  section  they  stated: 

It  is  worthy  of  note  that  some  of  the  species  contained 
in  the  coUection  from  the  most  recent  Cretaceous  beds  of 
the  upper  Missouri  country  appear  referable  to  genera 
which,  according  to  high  European  authority,  date  no 
further  back  than  the  true  chalk,  while  many  of  them  are 
closely  analogous  to  Tertiary  forms — so  close,  indeed, 
that  had  they  not  been  found  associated  in  the  sai^e  bed 
with  AmmoniteSf  Soaphites,  and  other  genera  everywhere 
regarded  as  having  become  extinct  at  the  close  of  the 
Cretaceous  epoch,  one  would  have  considered  them  Tertiary 
species. 

On  subsequent  pages  in  the  same  journal 
Leidy  *  began  the  publication  of  the  results  of 
his  study  of  the  vertebrate  remains  from  the 
Judith  River  badlands.  He  did  not  discuss  the 
age  of  the  beds,  but  in  the  description  of  the 
final  species,  which  was  named  in  honor  of 
the  collector,  he  said:  '^This  species  is  named 
in  honor  of  Dr.  Hayden  *  *  *  and  which 
remains,  I  suspect,  indicate  the  existence  of  a 
formation  Uke  that  of  the  Wealden  of  Europe,"**^ 

■  Meek,  F.  B.,  and  Hayden,  F.  V.,  Description  of  new  species  of  gastro- 
pods from  the  Cretaceous  formation  of  Nebraska  Territory:  Acad.  Nat. 
8ci.  Philadelphia  Pro?.,  vol.  8,  p.  03, 1856. 

•  Leidy,  Joseph,  Notice  of  extinct  reptiles  and  fishes,  discovered  by 
Dr.  F.  V.  Hayden  in  the  badlands  of  the  Judith  River,  Nebraska  Terri- 
tory: Acad.  Nat.  Sd.  Philadelphia  Proc.,  vol.  8,  p.  72, 1856. 

10  This  is  the  beginning  of  the  so-called  Judith  River  problem,  which 
is  considered  on  pp.  77-78  of  the  present  paper. 


In  their  second  paper  "  Meek  and  Hayden 
took  up  the  invertebrates  that  were  beUeved 
to  be  of  Tertiary  age  and  incidentally  briefly 
described  the  lithology  and  areal  extent  of  the 
great  lignite-bearing  formation  (  =  Fort  Union) 
of  the  region  as  then  known  to  them.  They 
showed  that  it  occupies  a  vast  area,  ''chiefly 
between  the  forty-sixth  and  forty-ninth  paral- 
lels of  north  latitude  and  the  one  hundredth 
and  one  hundred  and  eighth  degrees  of  longi- 
tude." As  their  adumbrations,  even  in  this 
first  venture,  regarding  the  age  of  this  Ugnite- 
bearing  formation  are  so  nearly  in  accord  with 
the  moidem  interpretation,  it  may  be  of  interest 
to  quote  their  statement  (p.  113)  in  full: 

Although  there  can  be  no  doubt  that  these  depositB  hold 
a  rather  low  position  in  the  Tertiary  sytftem,  we  have  as 
yet  been  able  to  arrive  at  no  very  definite  conclusion  as 
to  their  exact  synchronism  with  any  particular  minor  sub- 
division of  the  Tertiary,  not  having  been  able  to  identify 
any  of  the  Mollusca  found  in  them  with  those  of  any  well- 
marked  geological  horizon  in  other  countries.  Their 
general  resemblance  to  the  fossils  of  the  Woolrich  and 
Reading  series  of  English  geologists,  as  well  as  to  those  of 
the  great  Lignite  formations  of  the  southeast  of  France, 
would  seem  to  point  to  the  lower  Eocene  as  their  position. 

In  the  following  year,  however,  Hayden  ap- 
pears to  have  modified  his  opinion  regarding 
the  age  of  the  lignite-bearing  formations,  for  in 
a  short  paper  "  accompanying  a  colored  geo- 
logic map  of  the  country  bordering  Missouri 
River,  he  said,  in  discussing  the  ''Great  Lignite 
deposit)": 

The  collections  of  fossils  now  obtained  show  most  con- 
clusively that  it  possesses  the  mixed  character  of  a  fresh- 
water and  estuary  deposit  and  that  it  can  not  be  older 
than  the  Miocene  period.  It  is  composed  mostly  of  days, 
sands,  sandstones,  and  lignites  and  has  yielded  numerous 
animal  as  well  as  vegetable  fossils  of  great  perfection  and 
beauty.  It  is  chiefly  remarkable,  however,  for  the  evi- 
dence that  it  reveals  to  us  of  the  variety  and  luxuriance  of 
the  flora  of  that  period . 

In  a  paper  immediately  following  that  one 
Meek  and  Hayden  "  continued  the  description 

u  Meek,  F.  B.,  and  Hayden,  F.  V.,  Descriptions  of  new  species  of 
Acephala  and  Gastropoda  from  the  Tertiary  formations  of  Nebraska 
Territory,  with  some  general  remarks  on  the  geology  of  the  country 
about  the  source  of  the  Missouri  River:  Acad.  Nat.  Scl.  P)kiladelphia 
Proc.,  vol.  8,  p.  Ill,  1856. 

u  Hayden,  F.  V.,  Notes  explanatory  of  a  map  and  section  illustrating 
the  geologic  structure  of  the  country  bordering  on  the  Missouri  River, 
from  the  mouth  of  Platte  River  to  Fort  Benton:  Acad.  Nat.  Sci.  Phila- 
delphia Proc.,  vol.  9,  p.  109,  1857. 

u  Meek,  F.  B.,  and  Hayden,  F.  V.,  Description  of  new  species  and 
genera  of  fossils  collected  by  Dr.  F.  V.  Hayden  in  Nebraska  Territory , 
etc.:  Acad.  Nat.  Sci.  Philadelphia  Proc.,  vol.  9,  p.  117, 1857. 


HISTORICAL  BEYIEW  OF  THE  LARAMIE  PROBLEM. 


of  the  inyertebrates  of  the  upper  Missouri  River 
region,  but  before  beginning  the  technical  part 
of  the  paper  they  again  went  over  the  geology 
of  the  region,  reaffirming  their  conclusion  that 
the  lignite-bearing  beds  are  of  Miocene  age. 

The  next  paper  of  importance  dealing  with 
the  geology  of  this  region  was  another  by 
Meek  and  Hayden  ^^  published  in  1861.  In  a 
'^  general  section  of  the  Cretaceous  rocks  of 
Nebraska"  (p.  419)  the  stratigraphic  units 
previously  known  only  by  number  first  re- 
ceived the  names  by  which  they  are  now  so 
widely  recognized.    These  are  as  follows: 

No.  5»Fox  Hills. 
No.  4— Fort  Pierre. 
No.  3«  Niobrara. 
No.  2=Fort  Benton. 
No.  1»  Dakota. 

Meek  and  Hayden  also  presented  in  this 
paper  (p.  433)  the  first  complete  section  of 
Tertiary  rocks  of  the  upper  Missoiu'i  River 
region,  given  in  the  following  sequence: 

Loup  River  beds. 

White  River  group. 

Wind  River  deposits.  ^ 

Fort  Union  or  Great  Lignite  group. 

As  we  are  concerned  in  the  present  connec- 
tion only  with  the  lower  of  these  divisions,  the 
others  may  be  passed  over.  Their  description 
of  the  Fort  Union  is  as  follows: 

Beds  of  clay  and  sand,  with  ferruginous  concretions  and 
numerous  beds,  seams,  and  local  deposits  of  lignite;  great 
numbers  of  dicotyledonous  leaves,  stems,  etc.,  of  the 
genera  PlatantL8,  Acer,  Ulmua,  PopultUf  etc.,  with  very 
laige  leaves  of  fan  palms;  also  HelxXt  Melania,  Viviparay 
Corbictda,  Unio,  Ostrea,  Plioladomomya,  and  scales  of 
Lepidotus,  with  bones  of  JVionyx,  Emys,  CompseTnyiy 
CroeodiluB,  etc.,  occupy  the  whole  country  around  Fort 
Union,  extending  nortli  into  the  British  possessions  to 
unknown  distances,  also  southward  to  Fort  Clark.  Seen 
underneath  the  White  River  group  on  North  Platte  Fiver. 
Also  on  west  side  of  Wind  River  Mountains. 

Their  conclusion  as  to  the  age  of  the  Fort 
Union  was  not  very  definite,  owing  largely  to 
the  difficulty  of  interpreting  the  somewhat 
conflicting  plant  and  invertebrate  evidence, 
but  the  facts  that  it  had  been  observed  beneath 
the  White  River  deposits  (regarded  by  them  as 
of  Miocene  age  but  now  assigned  to  the  Oligo- 
cene)  and  that  it  contains  certain  vertebrate 
remains  not  known  in  Europe  above  the  Eo- 

M  Meek,  F.  B.,  and  Hayden,  F.  V.,  Description  of  new  Lower  Silurian, 
Jurassic,  Cretaceous,  and  Tertiary  fossils,  coll6(?ted  in  Nebraska,  •  *  * 
with  some  remarks  on  the  rocks  from  which  they  were  obtained:  Acad. 
Nat.  Sd.  Philadelphia  Pros.,  vol.  13,  p.  415, 1961. 


cene  ''strengthen  the  impression  that  this  Fort 
Union  lignite  group  probably  represents  the 
Eocene  of  Europe." 

For  a  nimiber  of  years  succeeding  the  publi- 
cation of  the  last-mentioned  paper,  or  during 
the  years  covered  by  the  Civil  War,  there  was 
little  scientific  activity  in  the  vast  aiKi  then 
almost  unknown  Western  Territories,  but  in 
the  spring  of  1867  Hayden  secured  an  appro- 
priation from  Congress  for  the  geologic  inves- 
tigation of  Nebraska.  His  report  on  this 
area  ^'  was  submitted  from  the  field  on  July  1, 
1867.  In  this  he  quoted  without  change  the 
general  sections  of  the  Cretaceous  and  Tertiary 
rocks  of  Nebraska,  from  the  paper  of  1861, 
above  mentioned.  The  area  supposed  to  be 
covered  by  the  "Fort  Union  or  Great  Lignite 
group"  was  greatly  extended,  occup3dng  not 
only  all  the  country  along  the  Missouri  from 
Heart  River  to  the  Musselshell,  most  of  the 
valley  of  the  Yellowstone,  and  northward  into 
the  British  possessions,  but  southward  as  far 
as  the  North  Platte  and ''  coming  to  the  surface 
again  at  Pikes  Peak,  Colorado,  and  extending 
to  Raton  Pass,  in  New  Mexico."  The  coal  near 
Denver  and  Golden,  in  the  Denver  Basin,  as  well 
as  what  is  now  known  as  the  Canon  City  field 
and  thence  southward  to  the  Raton  Pass  dis- 
trict, was  considered  to  be  of  Tertiary  age,  and 
this  view  was  affirmed  the  following  year.^' 
In  Hayden's  third  annual  report,"  which  em- 
braced Colorado  and  New  Mexico,  the  area 
over  which  the  coal-bearing  rocks  are  dis- 
tributed was  greatly  extended.  ''I  regard  all 
the  coal  beds  of  the  West  as  lower  Tertiary"  (p. 
189)  is  his  final  word  at  this  time. 

At  tins  point  a  brief  review  may  be  given 
of  the  reasons  which  up  to  this  time  had  led 
Hayden  and  others  to  regard  the  ''Great 
Lignite  deposits"  of  the  West  as  of  Tertiary 
age.  These  beds  had  been  first  studied  in 
the  upper  Missouri  River  region,  where  their 
position  above  the  marine  Oetaceous  section 
was  plainly  marked.  Although  they  were  not 
known  to  be  separated  from  the  marine  Cre- 
taceous by  a  discordance  of  any  kind,  they 
were  obviously  above  it.  The  paleontologic 
evidence,   at  least  so  far   as  concerned   the 

u  Hayden,  F.  V.,  U.  8.  Qeol.  Survey  Terr.  First  Ann.  Rept,  pp. 
1-64, 1867;  reprint,  1873. 

1*  Hayden,  F.  V.,  Notes  on  the  lignite  deposits  of  the  West:  Am.  Jour. 
Sd.,  ad  ser.,  vol.  45,  p.  198, 1868;  U.  S.  Geol.  Survey  Terr.  Second  Ann. 
Rept.,  1868;  reprint,  1873. 

"  U.  S.  Geol.  Survey  Terr.  Third  Ann.  Rept.,  1869;  reprint,  1873. 
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yertebrates  and  invertebrates,  had  been  found 
somewhat  conflicting^  though  it  favored  the 
Tertiary  side.  It  was  the  fossil  plants,  of 
which  great  numbers  were  found,  that  proved 
of  most  value  in  influencing  opinion.  The 
material,  especially  that  obtained  by  Hayden 
while  on  the  Raynolds  expedition  of  1859-60, 
was  studied  by  the  well-known  paleobotanist 
J.  S.  Newberry.  Although  Newberry's  report 
was  evidently  prepared  and  submitted  as  early 
as  1867,  it  was  not  published  until  1869,  when 
it  appeared  as  an  appendix  to  Hayden's  ac- 
coimt  of  the  geology."  Newberry  argued 
strongly  for  the  Tertiary  (Miocene)  age  of  the 
"Fort  Union  or  Great  Lignite  series."  The 
preliminary  paper  in  which  the  Fort  Union 
plants  were  first  described  by  Newberry  was 
published  in  1868,^"  though  the  final  publica- 
tion in  which  they  were  fully  described  and 
adequately  illustrated  was  not  published  until 
1898.*® 

The  fossil  plants  obtained  by  Hayden  in 
(Colorado  and  Wyoming  in  1867  and  1868  were 
studied  by  Leo  Lesquereux,  and  his  preliminary 
report  on  them  was  printed  in  the  form  of  a 
letter  to  Hayden.*'  They  included  plants  from 
the  Laramie  Plains,  Wyoming,  the  Denver 
Basin  of  Colorado,  and  the  Raton  Mountains 
of  southern  Colorado  and  northern  New 
Mexico.  Lesquereux  regarded  the  plants  from 
all  these  localities  as  of  Miocene  age,  a  con- 
clusion which  of  course  confirmed  Hayden  in 
his  opinion  held  at  that  date  (1869)  that  all 
the  coal  of  the  West  was  of  Tertiary  age. 

Up  to  this  time  there  had  apparently  been 
practical  unanimity  as  to  the  Tertiary  age  of 
the  lignite  series,  "the  only  varying  evidence 
being  found  in  what  Dr.  Leidy  considered  the 
Wealden  type  of  the  Judith  River  vertebrates." 
The  first  dissenting  voice  to  this  general  current 
belief  appears  to  have  been  raised  by  John  L. 
Le  Conte,  who  had  accompanied  an  expedition 
for  the  survey  of  an  extension  of  the  Union 

u  Haydeo,  F.  V.,  Geological  report  of  the  exploration  of  the  Yellow- 
stone  and  Missouri  rivers,  under  the  direction  of  Capt.  W.  F.  Raynolds, 
in  1850-40,  1860.  Newberry's  "Report  on  the  Cretaceous  and  Ter- 
tiary plants"  occupies  pp.  145-174. 

>•  Newberry,  J.  S.,  Notes  on  the  later  extinct  floras  of  North  America, 
with  descriptions  of  some  now  species  of  fossil  plants  from  the  Cre- 
taceous and  Tertiary  strata:  New  York  Lyceum  Nat.  Hist.  Annals, 
vol.  0,  pp.  1-78, 1868. 

s»  Newbeny,  J.  S.,  The  later  extinct  floras  of  North  America  (a  post- 
humous work,  edited  by  Arthur  HoUick):  U.  S.  Geol.  Survey  Mon. 
35, 1808. 

SI  Am.  Jour.  Sci.,  2d  ser.,  vol.  45,  pp.  205-208, 1868;  reprinted  in  U.  S, 
Oeol.  Survey  Terr.  Third  Ann.  Rept.,  pp.  196-197,  1873. 


Pacific  Raiboad  from  Smoky  Hill  River,  Kans., 
to  the  Rio  Grande.  The  first  announcement 
is  an  extract  from  a  letter  dated  Fort  Craig, 
N.  Mex.y  October  3,  1867,  published  in  the 
American  Journal  of  Science  for  January, 
1868."  In  this  letter  he  stated  that  he  had 
been  enabled  to  make  an  examination  and 
determine  the  age  of  a  bed  of  anthracite  near 
Old  Placer  Mountain,  25  miles  southwest  of 
Santa  Fe,  N.  Mex."  The  data  upon  which  the 
Cretaceous  age  was  predicated  were  not  given 
at  this  time  but  were  set  forth  in  his  full 
report  '^  published  later  in  1868.  At  a  num* 
ber  of  localities,  but  notably  in  the  canyon  of 
Purgatoire  River  and  near  Trinidad,  he  found 
imdoubted  Cretaceous  invertebrates  associated 
with  the  coal,  and  in  the  higher  beds  he  col- 
lected plants  which  Lesquereux  pronounced  of 
Tertiary  age.  Although  Le  Conte's  paper 
bears  date  of  February,  1868,  it  evidently  was 
not  published  on  that  date,  for  in  the  paper  he 
speaks  of  having  seen  Hayden's  article  on 
''Lignite  deposits  of  the  West"  in  the  March 
number  of  the  American  Journal  of  Science  for 
that  year.  In  fact,  he  devotes  several  pages 
(pp.  65-68)  to  disproving  Hayden's  contention 
that  all  the  coal  of  the  West  was  of  Tertiary 
age.  In  addition  to  studying  the  rocks  of  the 
Raton-Trinidad  area,  Le  Conte  made  a  journey 
from  Trinidad  to  Denver,  noting  the  coal  near 
Colorado  City  and  in  the  Denver  Basin  at 
Marshall,  Golden,  and  other  places.  All  this 
coal  he  considered  to  be  of  Cretaceous  age,  in 
spite  of  the  evidence  for  Tertiary  age  adduced 
by  Hayden  and  Lesquereux. 

Without  unduly  anticipating  it  may  be 
pointed  out  that  subsequent  study  in  the 
Raton-Trinidad  area  has  shown  that  both  Le 
Conte  and  Lesquereux  were  right — that  is, 
the  beds  which  yielded  the  Inoceramus  are  now 
known  to  be  separated  by  marked  uncon- 
formity from  those  above  which  supplied  most 
of  the  plants  studied  by  Lesquereux.  (See  pp. 
18-19.) 

"  Cretaceous  cool  in  New  Mexico:  Am.  Jour.  Sci.,  2d  ser.,  vol.  45,  p. 
136, 1868.  * 

>  Two  years  later  F.  V.  Hayden  visited  this  region  and  reported  that 
the  coal  beds  were  above  Cretaceous  rocks  containing  OHrea  confetta,  O. 
larva,  Inoceramut,  etc.  The  anthracite  he  explained  as  being  due  to 
the  presence  of  an  enormous  dike.  (See  Preliminary  field  report  of 
the  United  States  geological  survey  of  Colorado  and  New  Mexico  [U.  S. 
Geol.  Survey.  Terr.  Third  Ann.  Rept.],  pp.  66-68, 1860.) 

M  Le  Conte,  J.  L.,  Notes  on  the  gediogy  of  the  survey  for  the  extension 
of  the  Union  Pacific  Railway  from  the  Smoky  Hill  River,  Kans.,  to  the 
Rio  Grande,  pp.  1-117, 1868. 
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In  1869  Cope  '^  published  an  elaborate  paper 
on  American  fossil  vertebrates  in  which  he  laid 
the  foundation  at  least  for  a  possible  reference 
of  certain  of  the  localities  of  the  Missouri 
River  region  to  the  Cretaceous.  In  discussing 
hchyrosaurus  antiquus  Leidy  (p.  40),  which 
came  from  Moreau  River  in  what  is  now  South 
Dakota,  he  said  that  the  horizon  may  be  '' per- 
haps of  Cretaceous  age/'  and  under  Hadrch 
Baurust  occidentalia  Leidy  (p.  dSj  he  recorded 
the  horizon  as  'M  Cretaceous  beds  of  Nebraska, 
between  Moreau  and  Grand  rivers."  In  the 
same  paper  he  refers  the  badlands  of  the  Judith 
River  to  the  upper  Jurassic. 

About  this  time  the  United  States  Geological 
Exploration  of  the  Fortieth  Parallel,  under  the 
direction  of  Clarence  King,  had  reached  that 
stage  of  its  work  which  permitted  the  publica- 
tion of  the  first  to  appear  of  its  final  reports.'' 
To  this  volimie  King  contributed  a  nimiber  of 
chapters,  among  them  one  on  the  geology  of 
the  Green  River  Basin  of  Wyoming,  in  which 
he  held  that  the  coal-bearing  strata  are  of 
Cretaceous  age  and  are  unconf ormably  overlain 
by  fresh-water  deposits  of  Tertiary  age.  On 
this  point  he  says  (p.  453) : 

Near  the  summit  of  the  9,000  feet  a  looeer  texture  begins, 
and  this  change  is  rendered  very  noticeable  by  the  intro- 
duction of  beds  of  coal,  which  for  an  unknown  distance 
upward,  probably  several  thousand  feet,  reappear  through 
a  zone  of  constantly  changing  sand  and  mud  rocks.  The 
fossil  life,  which  clearly  indicates  a  Cretaceous  age  for  the 
deepest  members  up  to  and  including  the  first  two  or 
three  important  coal  beds,  from  that  point  gradually 
changes  with  a  corresponding  alternation  of  sediments, 
indicating  a  transition  to  a  fresh- water  period.  The  coal 
continued  to  be  deposited  some  time  after  the  marine 
&una  had  been  succeeded  by  fresh-water  types.  The 
species  of  fossils  are  in  no  case  identical  with  the  Cali- 
fornia Cretaceous  beds,  which  occupy  a  similar  geological 
position  on  the  west  of  the  Sierra  Nevadas.  Their  affinities 
decidedly  approach  those  of  the  Atlantic  slopes,  while  the 
fresh-water  species,  which  are  found  in  connection  with 
the  uppermost  coal  beds,  seem  to  belong  to  the  early  Ter- 
tiary period. 

Regarding  the  imconformable  relations  of 
the  beds  above  mentioned  to  the  overlying 
Tertiary,  he  said  (p.  455) : 

Whatever  may  be  the  relation  of  these  beds  in  other 
places,  it  is  absolutely  certain  that  within  the  region  lying 
between  the  Green  River  and  the  Wasatch  and  bounded 
on  the  south  by  the  Uintah  Range  there  is  no  single  in- 

>•  Cope»  E.  D.,  Synopsis  of  the  extinct  Batrachlft,  ReptUla,  and  Ayes 
of  North  America:  Am.  Philos.  Soc.  Trans.,  vol.  14,  pp.  1-252,  ISO^Ta 

«  U.  S.  Oeol.  Bzpl.  40th  Par.  Kept.,  vol.  3,  Mining  industry,  Wash- 
ington, 1S70. 


stance  of  conformity  between  the  coal  beds  and  the  hori- 
zontal fresh-water  strata  above  them. 

This  same  chapter  contains  a  report  by  F.  B. 
Meek  on  the  fossil  invertebrates  of  the  region, 
in  which  he  made  the  following  guarded  state- 
ment: 

With  the  exception  of  the  genus  InoeeramuSj  which  is 
certainly  represented  by  two  or  three  species,  and  perhaps 
Anchura,  all  of  these  fossils,  so  far  as  their  characters  can 
be  made  out.  appear  to  be  just  8u6h  forms  as  might  be 
referred  with  about  as  much  propriety  to  the  Tertiary  as  to 
the  Cretaceous.  In  fact,  it  is  probable,  from  the  general 
absence  of  characteristic  Cretaceous  types  among  them 
(with  the  exceptions  mentioned)  that,  if  submitted  to 
almost  any  paleontologist  not  aware  of  the  fact  that  the 
specimens  of  Inoeeramus  and  Anchuraf  occurred  in  the 
same  beds,  the  whole  would  be  unhesitatingly  referred  to 
the  Tertiary.  *  *  *  From  all  th6  ^ts  now  known,  I 
can  therefore  scarcely  doubt  that  you  are  right  in  referring 
these  beds  to  the  Cretaceous. 

In  this  report  Meek  also  discussed  the  age 
of  the  so-called  '^Bear  River  Estuary  beds," 
a  series  of  fresh-water  beds  contiguous  to 
Bear  River  in  western  Wyoming  and  eastern 
Utah.  A  complete  historical  review  of  the 
Bear  River  controversy,  together  with  an 
enumeration  of  its  invertebrate  fauna,  was 
given  by  C.  A.  White  in  1895.'^  A  brief 
exposition  of  this  matter  will  be  found  on 
page  78  of  this  report. 

The  Fourth  Annual  Report  of  the  Geological 
Survey  of  the  Territories,  for  1870  (published 
in  1871),  was  devoted  to  Wyoming  and  por- 
tions of  contiguous  territories.  In  a  brief 
review  of  the  geology  of  the  Missouri  River 
region,  which  forms  Chapter  VII  of  this  report 
(pp.  85-98),  Hayden  again  insisted  upon  the 
Tertiary  age  of  the  '*Fort  Union  or  Great 
lignitic,"  and  in  support  of  this  contention 
quoted  from  Newberry's  report  on  the  fossil 
plants  as  published  in  the  Raynolds  report 
already  mentioned.  (See  p.  6.)  That  Hay- 
den had  come  to  realize  the  possibility  that  the 
coals  of  the  West  might  not  all  be  of  Tertiary 
age  is  shown  by  the  following  remark  (p.  94) : 

The  area  which  it  [Fort  Union]  occupies  is  not  yet 
known,  but  every  year  it  is  extended  north,  south,  and 
west.  It  is  also  characterized  by  numerous  beds  of  coal, 
or  lignite  as  it  was  formerly  called,  and,  so  far  as  the 
upper  Missouri  is  concerned,  most  of  the  coal  ia  true 
lignite.  It  is  quite  probable  that  the  coal-making  period 
began  in  the  later  portion  of  the  Cretaceous  era  and 
extended   up  into  the   Tertiary.    The  observations  of 

**  White,  C.  A.,  The  Bear  River  formation  and  ita  characteristic  fauna: 
U.  S.  Geol.  Survey  Buli.  128. 18B5. 
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geologiBts  in  New  Mexico  and  Utah  point  to  the  conclusion 
that  large  deposits  of  excellent  coal  occur  i,n  the  upper 
Cretaceous. 

In  the  same  report  (p.  165)  in  discussing 
conditions  on  the  Laramie  Plains,  he  said: 

That  there  is  a  connection  between  all  the  coal  beds  of 
the  West  I  firmly  believe,  and  I  am  convinced  that  in  due 
time  that  relation  will  be  worked  out  and  the  links  in  the 
chain  of-  evidence  joined  together.  That  some  of  the 
older  beds  may  be  of  upper  Cretaceous  age  I  am  prepared 
to  believe,  yet  until  much  clearer  light  is  thrown  upon 
their  origin  than  any  we  have  yet  secured  I  shall  regard 
them  as  belonging  to  my  transition  series  or  beds  of  passage 
between  the  true  Cretaceous  and  the  Tertiary. 

Lesquereux  also  contributed  a  short  paper 
to  this  same  report  in  which  (pp.  381-385)  he 
gave  a  list  of  all  the  supposed  Tertiary  plants 
of  the  region  known  at  that  date.  This  list 
includes  30  species  from  the  "Eo-lignitic'' 
(now  Wilcox  formation)  of  Mississippi,  8 
species  from  the  Raton  Pass  region  (now 
Raton  formation)  of  New  Mexico  and  Colo- 
rado, 9  species  from  Marshall,  Colo,  (now 
Laramie  formation),  2  species  from  Golden, 
Colo,  (now  Denver  formation),  and  6  species 
from  Rock  Creek,  Laramie  Plains,  Wyo. 
(now  "Upper  Laramie ").*• 

In  the  Fifth  Annual  Report  of  the  U.  S. 
Geological  Survey  of  the  Territories,  for  1871, 
which  was  published  in  1872,  Lesquereux  has 
a  long  report  on  new  plants  from  localities  in 
Wyoming  and  Montana,  all  of  which  he  con- 
sidered to  be  of  Tertiary  age.  He  also 
attempted  an  important  generalization  in 
dividing  the  several  localities  among  the 
stages  of  the  Tertiary.  This  may  be  sum- 
marized as  follows: 

To  the  Eocene  he  referred  the  localities  of 
Mississippi  ("Eo-lignitic");  of  Raton  Pass, 
Purgatoire  Canyon,  and  Marshall  mine,  near 
Denver,  Col.;  of  Washakie  Station,  Evanston 
both  above  and  below  the  coal,  and  Snake 
River  just  below  [south  of]  the  Yellowstone 
Park,  all  in  Wyoming;  and  6  miles  above 
Spring  Canyon,  Mont.  To  the  lower  Miocene 
he  referred  the  Fort  Union  and  Yellowstone, 
Mont.;  Rock  Creek,  Medicine  Bow,  Junction 
Station,  and  Carbon  Station,  Wyo.;  to  the 
middle  Miocene  Henrys  Fork,  Muddy  Oeek, 
and  Barren's  Springs,  Wyo.,  and  Elko  Station, 
Nev.     The  foUowing  localities  were  not  at  this 


*i  With  the  exception  of  that  at  the  Marshall  locality,  all  the  collections 
above  enumerated  as  Tertiary  by  Lesquereux  are  accepted  as  such  at  the 
present  day,  though  for  some  of  them  it  has  required  40  years  to  establish 
the  truth  of  Lesquereux's  assignment. 


time  definitely  placed  stratigraphically:  Green 
River,  Point  of  Rocks,  Sage  Creek,  and  mouth 
of  Spring  Canyon. 

In  the  following  year  (1872)  Lesquereux 
himself  spent  several  months  in  the  study  of 
this  general  field,  undertaken  at  the  direction 
of  Hayden,  as  he  somewhat  naively  remarks, 
with  the  "view  of  positively  ascertaining  the 
age  of  the  lignite  formations,  either  from  data 
obtainable  in  collecting  and  examining  fossil 
vegetable  remains,  or  from  any  geological 
observations  which  I  should  be  able  to  make. " 

During  this  investigation  Lesquereux  visited 
and  collected  from  the  coal  fields  of  Marshall  and 
Golden  in  the  Denver  Basin,  Colorado  Springs, 
Canon  City,  Trinidad,  and  Raton,  and  also 
along  the  line  of  the  Union  Pacific  Railroad 
from  Cheyenne  to  Evanston,  Wyo.  His*  re- 
sults '*  were  considered  as  confirmatory  of  his 
previous  conclusions,  namely,  that  the  beds  at 
these  localities  are  of  Tertiary  age  and  con- 
stitute what  he  called  the  American  Eocene 

The  same  year  Meek  and  Bannister,  who 
were  also  conducting  investigations  along  the 
line  of  the  Union  Pacific  Railroad,  made  a  dis- 
covery at  Black  Buttes  which,  in  the  opinion 
of  many,  had  a  very  definite  bearing  on  the 
age  of  the  coal  of  the  region.  This  was  the 
finding  of  the  remains  of  a  huge  dinosaur  which 
was  named  by  Cope  ••  Agathaumas  sylvestris. 
In  his  paper  Cope  said : 

From  the  above  description  it  is  evident  that  the  animal 
of  Black  Buttes  is  a  dinosaurian  reptile.  *  *  *  It  is 
thus  conclusively  proven  that  the  coal  strata  of  the  Bitter 
Creek  basin  of  Wyoming  Territory^  which  embraces  the 
greater  area  yet  discovered,  were  deposited  during  the 
Cretaceous  period,  and  not  during  the  Tertiary,  though 
not  long  preceding  the  latter. 

In  a  short  paper  published  later  in  the  same 
year  Cope,'^  in  commenting  on  the  discovery 
of  Agathaumas  J  said :  '*  This  discovery  places  this 
group  [the  so-called  Bitter  Creek  series]  without 
doubt  within  the  limits  of  the  Cretaceous 
period,  and  to  that  age  we  must  now  refer  the 
great  coal  area  of  Wyoming." 

In  commenting  on  the  age  of  the  ''Bitter 
Creek  series,"  as  the  beds  at  Black  Buttes  and 
vicinity  were  then  designated,  Meek'*  ex- 
pressed himself  with  extreme  caution,  saying: 

M  Lesquereux,  Leo,  Ugnitic  formations  and  fossil  flora:  U.  8.  Geol. 
Survey  Terr.  Sixth  Ann.  Rept.,  for  1872,  pp.  317-427, 1873. 

M  Cope,  E.  D.,  On  the  existence  of  Dinosauria  in  the  tranaitiaii  beds 
of  Wyoming:  Am.  Philos.  Soc.  Proc.,  vol.  12,  p.  481, 1872. 

«  Cope,  E.  D.,  The  gODlogical  age  of  the  coal  of  Wyoming:  Am.  Natu- 
ralist, vol.  6,  p.  609,  1872. 

"  Meek,  F.  B.,  U.  S.  Oeol.  Survey  Terr.  Sixth  Ann.  Rept.,  for  1872, 
pp.  458,  461, 1873. 
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The  reptilian  remaiiiB  found  at  Black  Butte,  near  the 
top  of  the  aeries,  have,  as  elsewhere  stated,  been  investi- 
gated by  Prof.  Cope  and  by  him  pronounced  to  be  de- 
cidedly dinosaurian  and  therefore  indicative  of  Cretaceous 
age.  On  the  other  hand,  the  fossil  plants  from  the  same 
beds  have  been  studied  by  Prof.  Leequereux,  who  informs 
me  that  they  are  unquestionably  Tertiary  types.  My  own 
investigations  having  been  confined  to  the  invertebrates, 
it  ia  of  these  chiefly  that  I  will  speak  here.  In  the  first 
place,  it  will  be  seen  that  all  of  these  yet  known  belong  to 
a  few  genera  of  mollusks,  represented  by  12  or  14  species. 
And  just  here  it  may  be  stated  that,  although  partly  com- 
mitted in  favor  of  the  opinion  that  this  formation  belongs 
to  the  Cretaceous  and  still  provisionally  viewing  it  as 
most  probably  such,  I  do  not  wish  to  disguise  or  conceal  the 
fact  Uiat  the  evidence  favoring  this  conclusion  to  be  de- 
rived from  the  mollusks  alon<9,  as  now  known,  is  by  no 
means  strong  or  convincing.  The  genera  are  probably 
all  common  both  to  the  Cretaceous  and  Tertiary,  as  well 
as  to  the  present  epoch.  «  *  *  The  entire  absence 
among  the  fossila  yet  known  from  this  formation  of  Bacu- 
liUif  ScajMUi,  Ancylooerat,  PhychoomUf  Ammon\te$t  Gy- 
rodes,  Inootftanui^  and  all  of  the  other  long  list  of  genera 
characteristic  of  the  Cretaceous  or  in  part  also  extending 
into  older  rocks,  certainly  leaves  its  moUuscan  fi&una  with 
a  strong  Tertiary  fades.  *'  *  *  It  thus  becomes  mani- 
fest that  the  paleontological  evidence  bearing  on  the  ques- 
tion of  the  age  of  this  formation,  so  fiir  as  yet  known,  is  of 
a  very  conflicting  nature;  though  aside  from  the  dino- 
saurian, the  organic  remains  favor  the  conclusion  that  it  is 
Tertiary. 

It  is  plain  that  Meek  was  very  much  con- 
fused by  the  data  then  available,  especially  by 
the  invertebrates,  for  he  declared  in  another 
{{lace  that  they  might  with  almost  equal  pro- 
priety be  referred  to  the  Tertiary  or  the  Cre- 
taceous, and  as  the  vertebrate  evidence  was 
interpreted  to  mean  imdoubted  Cretaceous, 
only  the  fossil  plants  were  left  to  sustain  un- 
falteringly the  Tertiary  side  of  the  argument. 
It  was  immediately  pointed  out,  as  it  is  oc- 
casionally even  to  the  present  day,  that  the 
error  made  by  Oswald  Heer  in  referring  plants 
of  the  Dakota  ''group"  to  the  Miocene^ 
weakened  the  evidence  of  fossil  plants  and  gave 
added  weight  to  the  dictimi  of  the  vertebrate 
paleontologist,  namely,  that  the  presence  of 
dinosaurian  reptiles  in  a  formation  was  positive 
proof  of  Cretaceous  age.  Thus  Cope  was  so 
firmly  convinced  that  the  presence  of  Agaihavr 

M  Thote  who  aro  inUr«8t«l  in  this  reference  of  the  Dakota  aandatone 
to  the  Miocene  may  be  InBtrocted  by  reading  Lesquereux's  account  of  the 
cODditioot  under  which  the  error  was  made  (U.  8.  OeoL  Surray  Terr. 
Sixth  Ann.  Kept.,  for  1872,  p.  343, 1873).  From  this  account  it  appean 
that  Heer  never  saw  specUnens  of  the  Dakota  plants,  for  only  outline 
drawings  of  a  few  spedee  were  submitted  to  him.  They  were  mostly 
dicotyledonous  leaves  and  wholly  unlike  any  then  (1867)  known  f^om 
the  Cretaceous  of  Europe,  and  the  drawings  were  without  the  essential 
details  of  nervation.  As  soon  as  the  specimens  themselves  were  seen  by 
Newberry  he  recognised  their  correct  characters. 


mas  at  Black  Buttes  proved  the  Cretaceous 
age  of  the  '^Bitter  Creek  series"  that  in  1874 
he  proceeded  to  refer  the  ''Great  lignitic" 
of  the  upper  Missouri  to  the  same  period. 
In  discussing  the  age  of  certain  vertebrate- 
bearing  beds  in  northern  Colorado,  he  said :  '^ 

Believing,  as  I  do,  that  the  evidence  derived  from  the 
vertebrate  remains  requires  the  reference  of  the  Bitter 
Greek  coal  series  to  the  Cretaceous  period »  and  having 
pointed  out  on  similar  grounds  that  the  horizon  of  the  Great 
Lignite  from  which  vertebrate  remains  have  been  procured 
on  the  Missouri  River  is  undoubtedly  Mesozoic,  although 
usually  regarded  as  Tertiary,  I  suspect  that  the  corre- 
sponding strata  in  Colorado  will  be  found  to  pertain  to  the 
same  section  of  geologic  time. 

In  another  bulletin  of  this  series  Cope** 
had  an  extensive  article  on  the  fossil  verte- 
brates then  recognized  from  the  Cretaceous  of 
the  West.  In  this  paper  vertebrates  from  the 
localities  on  Moreau  River  and  between  Moreau 
and  Grand  rivers,  S.  Dak.;  at  Long  Lake, 
N.  Dak.;  north  of  Big  Horn  River,  Mont.;  and 
in  Colorado,  now  mainly  referred  to  the  Lance 
formation,  he  for  the  first  time  definitely 
referred  to  the  Cretaceous.  In  alluding  to  the 
studies  of.  the  flora  of  these  beds  oy  Les- 
quereux  and  Newberry,  he  said  (p.  16) : 

They  have,  as  is  well  known,  pronounced  this  whole 
series  of  formations  as  of  Tertiary  age,  and  some  of  the  beds 
to  be  as  high  as  Miocene.  The  material  on  which  this 
determination  is  based  is  abundant,  and  the  latter  must  be 
accepted  as  demonstrated  beyond  all  doubt.  I  regard 
the  evidence  derived  from  the  ^oUusks  in  the  lower  beds, 
the  vertebrates  in  the  higher,  as  equally  conclusive  that 
the  beds  are  of  Cretaceous  age.  There  is,  then,  no  alter- 
native but  to  accept  the  result,  that  a  Tertiary  fiora  wat 
contemporaneous  vnth  a  Cretaceous  fauna^  e9tabl%$hing  an 
uninterrupted  succession  of  life  across  what  is  generally 
regarded  as  one  of  the  greatest  breaks  in  geologic  time. 

The  above  statement  by  Cope  has  often  been 
quoted  during  the  48  years  since  it  was  written, 
and  it  is  only  recently  that  its  converse — that 
is,  that  a  fauna  of  Cretaceous  type  may  be 
contemporaneous  with  a  Tertiary  flora — ^has 
been  admitted  as  even  possible. 

This  conclusion  was  further  elaborated  by 
Cope  in  Hayden's  annual  report  for  1873,  in  a 
paper  that  was  more  or  less  in  the  nature  of  a 
reply  to  the  article  by  Newberry  already  men- 

M  Cope,  B.  v.,  Report  on  the  stratigraphy  and  PUooene  vertebrate 
paleontology  of  northern  Colorado:  U.  8.  QeoL  and  Geog.  Surrey  Terr. 
BuU.  [let  ser.],  No.  1,  p.  10, 1874. 

M  Cope,  E.  D.,  Review  of  the  Vertebrate  of  the  Cretaceous  period  found 
west  of  the  Hlsstssippi  River:  U.  B.  Oeol.  and  Geog.  Surray  Terr.  BulL 
(1st  ser.],  No.  2,  pp.  l-iSl,  1874. 


10 


LARAMIB  FLOBA  OF  THE  DENVER  BABIN. 


tioned.  In  the  same  report  Marvine  ^  had  an 
elaborate  paper  on  the  results  of  his  studies  in 
Middle  Park,  Colo.,  in  which  he  considered 
among  many  other  things,  the  age  of  the 
lignite-bearing  formations  of  Colorado.  After 
alluding  to  the  weakness  of  the  invertebrate 
evidence  for  the  Cretaceous  age  and  the  ap- 
parent strength  of  the  evidence  derived  from 
the  terrestrial  vertebrates,  he  said : 

It  must  be  supposed,  then,  that  either  a  Cretaceous 
fauna  extended  forward  into  the  Eocene  period  and 
existed  contemporaneously  with  an  Eocene  flora,  or  else 
that  a  flora,  wonderfully  prophetic  of  Eocene  times,  antic- 
ipated its  age  and  flourished  in  the  Cretaceous  period  to 
the  exclusion  of  all  Cretaceous  plant  forms.  *  *  *  In 
either  case  the  fact  remains  that  here  the  physical  and 
other  conditions  were  such  that  one  of  the  great  kingdoms 
of  life,  in  its  progress  of  development,  either  lost  or  gained 
upon  the  other,  thus  destroying  relations  and  associations 
which  existed  between  them  in  those  regions  from  which 
were  derived  the  first  ideas  of  life  boundaries  of  geologic 
time,  causing  here  apparent  anomalies. 

As  a  probable  explanation  of  these  apparent 
discrepancies,  Marvine  wisely  concludes  as 
follows:  ''Much  of  the  confusion  and  discrep- 
ancy has,  in  my  opinion,  arisen  from  regarding 
different  horizons  as  one  and  the  same  thing." 

In  his  report  for  1873  Lesquereux  had  a 
further  paper  on  the  ''Lignitic''  flora  in  which 
he  of  course  argued  still  more  strongly  for  its 
Tertiary  age.  He  also  revised  the  several 
"groups"  into  which  he  divided  the  section  of 
lignite-bearing  rocks  and  presented  full  lists  of 
the  species  of  plants  toimd  in  each. 

In  Hayden's  original  description  of  the  Fort 
Union  formation  he  predicted  that  it  would  be 
found  extending  into  Canadian  territory,  and 
this  prediction  was  verified  in  1874  by  George 
M.  Dawson,"  who  published  an  article  in  which 
he  accepted  the  views  of  Hayden  and  Les- 
quereux and  referred  the  Fort  Union  to  the 
Eocene.  In  discussing  the  views  of  Cope  he 
said: 

The  evidence  does  not  appear  to  show  that  the  Creta- 
ceous species  were  of  themiselves  becoming  rapidly  extinct, 
but  that  over  the  western  region,  now  forming  part  of  this 
continent,  the  physical  conditions  changing  drove  the 
Cretaceous  marine  animals  to  other  regions,  and  it  is  im- 
possible at  present  to  tell  how  long  they  may  have  en- 
dured in  oceanic  areas  in  other  parts  of  the  world.  This 
being  so,  and  in  view  of  the  evidence  of  the  preponderant 
animal  and  vegetable  forms,  it  seems  reasonable  to  take 

w  Mardne,  A.  R.,  Report  of  the  Middle  Park  division:  U.  8.  Qeol. 
and  Geog.  Sorrey  Terr.  Ann.  Rept.  for  1873,  p.  107, 1874. 

"  Dawson,  O.  M.,  The  Lignite  formations  of  the  West:  Canadian 
Naturalist,  yol.  7,  p.  341, 1874. 


the  well-marked  base  of  the  Lignite  series  as  that  of  the 
lowest  Tertiary,  at  least  at  present.  The  formation  de- 
scribed belongs  to  this  lowest  Tertiary,  being,  in  fact,  an 
extension  of  Hayden 's  Fort  Union  group,  and  from  analogy 
may  be  called  Eocene. 

The  work  upon  which  Dawson's  views  were 
based  was  done  in  connection  with  the  British 
North  American  Boundary  Commission,  of 
which  he  was  geolo^st.  In  a  report  of  progress 
for  1873,  published  in  1874,  he  affirmed  his 
original  statement  in  the  following  language  :'* 

The  formation  is,  however,  undoubtedly  an-  extension 
of  the  Great  Lignite  or  Fort  Union  group  of  strata  of 
Hayden,  as  developed  in  the  Western  States  and  Terri- 
tories. *  •  «  These  strata  immediately,  succeeding 
the  Cretaceous  rocks  are  the  lowest  American  representa- 
tives of  the  Tertiary  series  and  have  been  called,  for  this 
reason.  Eocene. 

In  the  final  report  of  the  Boundary  Commis- 
sion, published  in  1875,  the  same  views  were 
expressed. 

About  this  time  John  J.  Stevenson,  who  was 
then  associated  veith  the  Wheeler  Survey, 
published  a  number  of  papers  on  the  geology 
of  portions  of  Colorado  and  New  Mexico  in 
which  he  argued  strongly  for  the  Cretaceous 
age  of  the  lignite-bearing  beds,  especially  along 
the  Front  Range.  In  a  chapter  on  the  age  of 
the  Colorado  lignites'*  he  reviewed  the  opinions 
of  Hayden,  Lesquereux,  and  others  and  con- 
cluded that  the  presence  of  the  supposed 
fucoid  Halymenites  major  was  an  indication 
of  Cretaceous  rather  than  Eocene  age,  as 
advocated  by  Lesquereux.  Subsequent  study 
has  shown  that  Stevenson  was  correct  in 
referring  the  beds  containing  Halymenites  to 
the  Upper  Cretaceous,  but  he  failed  to  note 
the  presence  of  the  profound  unconforndty 
that  has  since  been  demonstrated  by  Whitman 
Cross  and  W.  T.  Lee  to  occur  in  the  midst  of 
this  supposedly  continuous  coal-bearing  section. 

In  the  annual  report  of  the  Hayden  Survey 
for  1874,  published  in  1876,  there  are  three  very 
important  papers  dealing  more  or  less  com- 
pletely with  this  subject.  The  first  of  these  is 
one  by  Hayden,  in  which  he  summed  up  his 
understanding  of  the  lignite  group  at  that  date. 
He  gave  a  brief  history  of  the  group  and 
pointed  out  that  the  evidence  for  its  age,  as 
interpreted  by  different  geologists  and  paleon- 
tologists, is  very  conflicting.     He  said : 

"  Dawson,  O.  M.,  Report  on  the  Tertiary  Lignite  formation  in  tbe 
▼Icinity  of  the  40th  parallel,  BrlUah  North  Am.  Boundary  Com.,  1874. 

»  U.  8.  Geog.  and  Geol.  Surveys  W.  100th  Mer.  Bept.,  toI.  3,  pp. 
404-410, 1875. 
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One  fruitful  source  of  difference  of  opinion  has  been  in 
the  misunderBtanding  in  regard  to  the  different  horizons 
of  coal  strata  of  the  West.  That  there  are  important  coal 
beds  in  rocks  of  well-defined  Cretaceous  age  can  not  be 
disputed,  and  I  have  long  since  yielded  that  point. 
What  we  wish  to  show  more  clearly  is  that  there  exists  in 
the  West  a  distinct  series  of  strata  which  we  have  called 
the  IJgnite  group,  and  that  it  is  entirely  separate,  paleon- 
tologically  and  geologically,  from  a  great  group  of  strata  in 
the  lower  Cretaceous,  and  perhaps  extending  down  into 
the  Jurassic,  which  contains  a  great  number  of  thick  and 
valuable  beds  of  coal.  It  is  not  necessary  to  discuss  the 
question  whether  the  term  Lignitic  shall  be  applied  to  the 
coal  of  either  or  both  groups.  I  have  used  the  term 
Lignitic  for  the  upper  group  without  reference  to  the 
quality  of  its  fuel,  simply  to  distinguish  it  from  the  other 
great  groups  of  older  date,  the  ages  of  which  are  not 
questioned. 

From  the  above  statement  it  is  clear  that 
Hayden  was  entirely  willing  to  admit  the  exist- 
ence of  coal  in  the  Cretaceous  of  the  Rocky 
Mountain  region,  and  from  this  it  of  course 
followed  that  the  term  "Lignitic"  was  not  ap- 
plicable to  all  the  coal-bearing  strata;  in  fact, 
he  distinctly  stated  that  the  term  was  to  be 
applied  only  to  the  upper  coal-bearing  series. 
He  still  argued,  however,  for  the  connection  of 
the  coal-bearing  beds  of  the  Laramie  Plains 
and  Colorado  with  the  vast  group  to  the 
northwest. 

The  same  report  contained  a  long  paper  by 
A:  C.  Peale  on  the  geology  of  portions  of 
Colorado,  in  which  he  presented  a  series  of 
tables  illustrating  the  progress  of  opinion 
regarding  the  "Lignitic  group."  He  dis- 
cussed the  different  opinions  at  length  and 
reached  the  following  conclusions: 

1.  The  lignite-bearing  beds  east  of  the  mountains  in 
Colorado  are  the  equivalent  of  the  Fort  Union  group  of 
the  upper  Missouri  and  are  Eocene  Tertiary;  also,  that  the 
lower  part  of  the  group,  at  least  at  the  locality  200  miles 
east  of  the  mountains,  is  the  equivalent  of  a  part  of  the 
lignitic  strata  of  Wyoming. 

2.  The  Judith  River  beds  have  their  equivalent  along 
the  eastern  edge  of  the  mountains  below  the  Lignite  or 
Fort  Union  group  and  also  in  Wyoming  and  are  Cretaceous, 
although  of  a  higher  horizon  than  the  coal-bearing  strata 
of  Coalville  and  Bear  River,  Utah.  They  form  either  the 
upper  part  of  the  Fox  HiUs  group  (No.  5)  or  a  group  to  be 
called  No.  6. 

Also  in  this  report  for  1873  Lesquereux  had 
an  extensive  paper  under  the  title  ''On  the 
Tertiary  flora  of  the  North  American  Lignitic, 
considered  as  evidence  of  the  age  of  the  for- 
mation." He  again  took  up  the  objections  that 
had  been  urged  against  his  interpretation  and 


answered  each  in  detail  as  the  evidence  appeared 
to  him.     His  opinion  remained  unchanged. 

The  historical  review  of  opinion  which  pre- 
ceded the  introduction  of  the  term  Laramie  has 
now  been  presented  in  sufficient  detail  to  make 
clear  the  necessity  for  a  convenient,  usable, 
conmion  appellation.  Those  who  had  ap- 
proached the  subject  from  a  study  of  the 
northern  areas — that  is,  of  the  upper  Missouri 
River  region  and  contiguous  territory — ^were 
naturally  impressed  with  the  strength  of  the 
argimient  for  the  Tertiary  age  of  the  lignite- 
bearing  beds,  while  those  who  had  first  become 
familiar  with  the  more  southern  areas  were 
quite  as  strongly  of  the  opinion  that  the  beds 
they  studied  were  of  Cretaceous  age.  Sub- 
sequent study  has  shown  that  both  these  views 
contained  a  measure  of  truth. 

As  A.  C.  Peale  was  at  that  time  actively  en- 
gaged in  geologic  work  in  the  Rocky  Mountain 
area,  his  recollection  of  the  conditions  then 
current,  as  set  forth  in  a  recent  article,**  is  of 
interest : 

As  a  member  of  the  Hayden  Geological  Survey  at  the 
time  the  term  *' Laramie"  was  first  proposed  and  used  b^ 
both  the  Hayden  and  King  organizations,  and  as  one  of 
those  who  first  used  it,  a  statement  of  my  recollection 
may  be  of  some  interest  here.  Just  at  the  time  the  work 
of  the  Exploration  of  the  Fortieth  Parallel,  under  Clarence 
King,  was  approaching  completion,  and  their  geologic 
maps  were  being  colored,  the  work  of  the  United  States 
Geological  and  Geographical  Survey  of  the  Territories  had 
also  reached  the  stage  when  it  became  necessary  to  color 
the  maps  of  Colorado,  upon  which  field  work  was  begun 
in  1873  and  finished  in  1876.  As  two  of  the  maps  of  the 
former  organization  adjoined  the  work  of  the  Hayden 
Survey  along  the  northern  line  of  Colorado,  it  was  deemed 
desirable  that  there  should  be  some  correlation,  in  terms 
at  least,  where  the  work  joined.  There  was  substantial 
agreement  as  to  most  of  the  formations,  about  the  only 
difference  being  as  to  the  age  of  the  beds  resting  con- 
formably upon  the  Fox  Hills  Cretaceous  of  Hayden  as 
exposed  along  the  line  of  the  Union  Pacific  Railway  and 
to  the  westward  of  the  foothills  of  the  Front  Range  of 
Colorado,  where  they  were  usually  designated  by  Hayden 
and  the  members  of  his  .Survey  as  the  Lignitic  beds  of 
eastern  Colorado  or  the  lignitic  coal  group  of  the  eastern 
slope.  These  beds  were  considered  by  King  to  be  of 
Cretaceous  age,  while  Hayden  was  inclined  to  consider 
them  as  belonging  to  the  Tertiary.  At  this  time  Clarence 
King  wrote  to  Dr.  Hayden  asking  him  to  propose  a  name 
for  these  debatable  beds — debatable  only  as  to  age,  for 
both  agreed  as  to  their  stratigraphic  position.  In  reply  to 
this  letter  Hayden  suggested  the  name  Laramie,  which 
was  accepted  by  King,  as  indicated  by  him  on  page  331 

«•  Paale,  A.  C,  On  the  application  of  the  term  Laramie:  Am.  Jour. 
Sci.,  4th  Mr.,  vol.  27,  p.  45,  July,  1909. 
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of  the  volume  on  systeixiatic  geology,^'  where  he  says: 
"During  the  slow  gathering  of  the  evidence  which ^all 
finally  turn  the  scale  I  proposed  to  Dr.  Hayden  that  we 
adopt  a  common  name  for  the  group  and  that  each  should 
refer  it  to  whatever  age  his  data  directed.  Accordingly, 
it  was  amicably  agreed  between  us  that  this  series  should 
receive  the  group  name  of  Laramie  and  that  it  should 
be  held  to  include  that  series  of  beds  which  conformably 
overlies  the  Fox  Hills.'' 

It  may  be  of  interest  to  point  out  that,  so 
far  as  now  known,  the  word  Laramie  used  as 
a  geologic  formational  term  first  appeared  in 
an  author's  proof  of  geologic  map  No.  II  of  the 
Fortieth  Parallel  Survey,  by  Clarence  Bang 
and  S.  F.  Emmons.  This  map  was  dated 
November  15,  1875,  and  was  noticed  in  the 
American  Journal  of  Science  for  February, 
1876,  but  in  neither  place  was  there  any 
definition  of  the  term.  The  first  printed 
description  of  the  Laramie  was  apparently 
that  given  by  Arnold  Hague  **  in  volume  2  of 
the  final  reports  of  the  Fortieth  Parallel  Survey, 
in  which  he  presented  a  very  small  and  rela- 
tively imimportant  section  that  claims  dis- 
tinction only  on  the  ground  that  it  was  the 
first  section  ever  published  of  the  Laramie. 
It  was  measured  on  the  Denver  Pacific  Rail- 
road 5  or  6  miles  west  of  Carr  station  and  about 
18  miles  southeast  of  Cheyenne,  Wyo.  Peale  *• 
stated  that  'Hhis  section,  if  any  should  be  so 
considered,  would  be  the  typical  Laramie 
section." 

Hayden  first  used  the  term  Laramie  in  an 
article  published  in  1877.**  In  this  article  he 
followed  the  coloring  on  King's  map  above 
mentioned,  which  he  undoubtedly  had  before 
him  at  the  time. 

King  and  the  members  of  his  Survey  frankly 
and,  as  he  says,  "cheerfully"  adopted  the 
classification  and  nomenclature  of  the  Upper 
Cretaceous  section  as  defined  by  Hayden. 
After  describing  the  Cretaceous  rocks  of  their 
area  up  to  and  including  the  Fox  Hills,  King 
said  :** 

Here,  with  those  who  follow  Hayden,  the  Cretaceous 
series  comes  to  an  end.  Conformably  over  this  (Fox  Hill) 
lies  the  group  which  Hayden  and  I  have  agreed  to  call  the 
Laramie,  which  is  his  Lignitic  group  and  is  considered  by 
him  as  a  transition  member,  between  Cretaceous  and 

«  U.  8.  Qeol.  Expl.  40th  Par.  Rept.,  vol.  1, 1878. 

« Idem,  vol.  2,  pp.  80,  61, 1877. 

«  Am.  Jour.  Sci.,  4th  ser.,  vol.  27,  p.  49, 1909. 

M  Notes  on  some  artesian  borings  along  the  line  of  the  Union  Pacific 
Railroad  in  Wyoming  Territory:  U.  8.  Qeol.  and  Oeog.  Survey  Terr. 
Bull.,  vol.  3,  pp.  181-185,  April  6, 1877. 

«•  TJ.  8.  Oeol.  BrpL  40th  Par.  Rept.,  vol.  1,  p.  348, 1878. 


Tertiary.  There  is  no  difference  between  us  as  to  the 
conformity  of  the  Laramie  group  with  the  underlying 
Fox  Hill.  It  is  simply  a  question  of  determination  of  age 
upon  which  we  differ. 

Eang  was  in  error,  however,  in  stating  that 
the  Laramie  was  the  equivalent  of  Hayden's 
Fort  Union  ''group,"  or  indeed  that  it  included 
all  of  the  so-called  Lignitic,  and  it  was  un- 
doubtedly the  assumption  by  subsequent 
writers  that  this  was  so  that  led  to  much  of 
the  discussion  and  difference  of  opinion  that 
speedily  arose.  Hayden's  last  published  word 
on  this  point  ^*  occiu^  in  the  letter  transmitting 
Lesquereux's  "Tertiary  flora"  to  the  Secre- 
tary of  the  Interior  and  is  as  follows: 

If  objection  is  made  to  the  use  of  the  term  *' Lignitic" 
group,  I  would  say  that  in  this  work  it  is  restricted  to  a 
series  of  coal-bearing  strata  lying  above  the  Fox  Hills 
group,  or  Upper  Cretaceous,  and  these  are  embraced  in 
the  divisions  Laramie  and  Fort  Union  groups.  It  is  well 
known  that  there  are  in  various  parts  of  the  West,  espe- 
cially along  the  fortieth  parallel  and  south  westward,  very 
thick  beds  of  coal  in  the  various  divisions  of  the  Cre- 
taceous, extending  down  even  into  the  upper  Jurassic. 
Had  this  not  been  the  case,  the  more  general  term  lignitic 
would  not  have  been  retained  by  the  Survey  in  preference 
to  any  other. 

On   the  succeeding  page  of   this  letter  he 

summed  up  his  conclusion  in  the  following 

words: 

The  facts  as  we  understand  them  at  the  present  time 
would  seem  to  warrant  this  general  division,  viz,  a  marine 
series,  Cretaceous;  gradually  passing  up  into  a  braddsh- 
water  series,  Laramie;  gradually  passing  up  into  a  purely 
fresh-water  series,  Wasatch.  It  is  also  probable  that  the 
brackiah-water  beds  on  the  upper  Missouri  must  be*  corre- 
lated with  the  Laramie,  and  that  the  Wasatch  group  as 
now  defined  and  the  Fort  Union  group  are  identical  as  a 
whole,  or  in  part  at  least. 

The  Laramie  was  by  that  time  fairly 
launched,  and  the  literature  devoted  to  it  be- 
came increasingly  volmninous  and  scattered. 
It  is  not  possible  nor  perhaps  desirable  in  the 
present  connection  to  foUow  all  the  intricate 
ramifications  of  the  discussion,  and  only  an 
outline  of  the  salient  features  will  be  attempted. 
The  two  points  that  attracted  most  attention 
were  the  areal  distribution  of  the  Laramie  and 
of  course  its  age.  As  so  frequently  happens 
in  discussions  of  this  kind,  the  pendulum  when 
once  started  was  permitted  to  swing  too  far, 
with  the  result  that  beds  were  included  in  the 
Laramie  that  subsequent  study  has  proved 
have  Uttle  or  no  intimate  connection   with 


«  U.  8.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  Iv,  1878. 
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this  formation,  at  least  on  the  basis  of  the 
original  definition  by  King.  Some  phases  of 
this  history  will  be  set  forth  in  the  following 
pages. 

One  of  the  first  to  take  up  the  study  of  the 
Laramie  from  both  the  geologic  and  the  pale- 
ontologic  sides  was  Charles  A.  White.  In  the 
first  paper  in  which  he  employed  the  term 
Laramie  *'  the  use  was  relatively  unimportant 
and  the  term  was  not  defined.  He  gave  two 
generalized  sections — one  of  the  Green  River 
region,  in  which  he  placed  the  Laramie  in  its 
proper  position  between  the  Fox  Hills  and  the 
Wasatch  beds,  and  within  the  larger  grouping 
of  post-Cretaceous,  which  also  includes  the 
lower  part  of  the  Wasatch;  and  the  other  of  the 
upper  Missouri  River  region,  in  which  the 
Laramie  was  not  included  but  its  place  was 
taken  by  the  Judith  River  '*group,''  while  the 
post-Cretaceous  was  made  to  include  this  and 
a  portion  of  the  overlying  Fort  Union. 

White's  reasons  for  regarding  the  Laramie  as 
post-Cretaceous  were  set  forth  in  the  fifth  of 
his  ''Paleontological  papers  **  **  published  in  the 
same  volume  as  the  paper  just  cited.  He  said 
that  all  who  had  examined  the  fossils  from  the 
Dakota,  Colorado,  and  Fox  Hills  deposits  as 
they  are  developed  in  southern  Wyoming  and 
adjacent  parts  of  Utah  and  Colorado,  whether 
vertebrate  or  invertebrate,  would  not  question 
their  Cretaceous  age.  The  fossils  of  the  Green 
River  and  Bridger  strata  were  said  to  disclose 
equally  conclusive  evidence  of  their  Tertiary 
age.  He  went  on  to  say  that  the  two  groups 
of  beds  between  the  Fox  Hills  below  and  the 
Greep  River  above  are  the  Laramie  and 
Wasatch,  and  that  somewhere  within  these 
vertical  limits  must  come  the  line  between 
Cretaceous  and  Tertiary,     He  then  continued: 

With  a  few  doubtful  exceptions,  none  of  the  strata  of 
the  Laramie  group  were  deposited  in  open- sea  waters; 
and  with  equally  few  exceptions,  none  have  yet  furnished 
invertebrate  fossils  that  indicate  the  Cretaceous  rather 
than  the  Tertiary  age  of  the  group.  ♦  ♦  ♦  Again,  the 
brackish  and  fresh  water  types  of  Mollusca  that  are  afforded 
by  the  Laramie  and  the  lower  portions  of  the  Wasatch 
group  are  in  most  cases  jemarkably  similar,  and  some  of 
the  species  of  each  group  respectively  approach  each 
other  so  nearly  in  their  characteristics  that  it  is  often 


<' Catalogue  of  the  invertebrate  fossils  hitherto  published  from  the 
fresh  and  brackish  water  deposits  of  the  western  portion  of  North 
America:  U.  S.  Geol.  and  Geog.  Survey  Terr.  Bull.,  vol.  3,  pp.  607-614, 
May  15,  1877. 

«•  Idem,  pp.  625-629. 
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difficult  to  say  in  what  respect  they  materially  differ. 
Moreover,  they  give  the  same  uncertain  indication  as  to 
their  geological  age  that  all  fossils  of  fresh  and  brackish 
water  origin  are  known  to  do. 

It  is  in  view  of  the  facts  here  stated,  and  also  because 
I  believe  that  a  proper  interpretation  of  them  shows  the 
strata  of  the  Laramie  group  and  the  base  of  the  Wasatch 
to  be  of  later  date  than  any  others  that  have  hitherto 
been  referred  to  the  Cretaceous,  and  also  earlier  than  the 
Eocene  epoch,  that  I  have  decided  to  designate  those 
strata  as  post-Cretaceous,  at  least  provisionally. 

In  the  annual  report  of  the  Hayden  Survey 
for  1876,  published  in  1878,  White  presented 
in  a  lengthy  paper  the  results  of  his  field 
studies  in  Colorado  for  the  vears  1876  and 
1877.  He  still  retained  the  term  post-Cre- 
taceous for  the  Laramie  and  in  an  instruc- 
tive table  (p.  22)  showed  that  he  regarded  it 
as  the  equivalent  of  the  Laramie  of  King, 
the  Point  of  Rocks  group  of  Powell,  and  the 
Lignitic  of  Hayden.     He  defined  it  as  follows: 

The  fact  that  this  series  passes  insensibly  into  the  Fox 
Hills  group  below  and  into  the  Wasatch  group  above 
renders  it  difficult  to  fix  upon  a  stratigraphical  plane  of 
demarcation,  either  for  its  base  or  summit.  I  have  there- 
fore decided  to  regard  this  group  as  essentially  a  brackish- 
water  one,  referring  all  strata  below  that  contain  any 
marine  Cretaceous  invertebrate  forms  to  the  Fox  Hillf* 
group,  beginning  this  series  with  those  strata  that  con- 
contain  brackish  and  fresh  water  forms,  and  ending  it 
above  with  those  strata  in  which  the  brackish-water 
forms  finally  cease.  Thus  defined,  the  whole  series  seems 
to  form  one  natural  paleontological  group,  as  well  as  to 
be  a  sufficiently  distinct  stratigraphical  one,  for  which  I 
have  adopted  the  nftme  of  Laramie  group  of  King. 

The  term  post-Cretaceous  was  also  employed 
by  Endlich  *•  in  his  report  on  the  Wliite  River 
area  of  Colorado,  and  by  Peale  *®  in  his  work 
in  the  Grand  (now  Colorado)  River  region. 

The  application  of  the  term  Laramie  was 
carried  farther  and  farther  afield,  until  ulti- 
mately it  was  made  to  include  a  vast  area  in 
the  Rocky  Mountain  region.  When  the  term 
was  first  proposed  by  King  no  type  locality 
was  mentioned  but  it  was  expressly  stated  to 
include  the  lignite-bearing  beds  lying  con- 
formably above  the  Fox  Hills  along  the  Front 
Range  in  northern  Colorado  and  along  the 
west  side  of  the  range  in  eastern  and  central 
Wyoming.  The  term  was  immediately 
accepted,  though  with  reservations  as  to  the 
age  represented,  by  the  members  of  the  Hayden 

*•  U.  8.  Geol.  and  Geog.  Survey  Terr.  Tenth  Ann.  Kept.,  for  1876, 
pp.  77,  109,  1878. 
e«Idem,  p.  181. 
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Survey,  who  extended  its  application  to  west- 
em  Colorado  and  adjacent  areas.  After  the 
death  of  Meek  the  mantle  of  invertebrate  pale- 
ontologic  work  fell  largely  upon  the  shoulders  of 
C.  A.  White,  and  he  had  a  large  part  in  extend- 
ing the  application  of  the  Laramie.  In  the 
seventh  of  his  '*  Paleontological  papers  "*^  he 
gave  the  following  range  for  Laramie  as  he  then 
accepted  it: 

The  term  Laramie  group  is  here  used  to  include  all  the 
strata  between  the  Fox  HiUs  group  of  the  Cretaceous 
period  beneath  and  the  Wasatch  group  (« Vermillion 
Creek  group  of  King)  of  the  Tertiary  above.  That  is,  it 
includes,  as  either  subordinate  groups  or  regional  divisions, 
both  the  Judith  River  and  Fort  Union  series  of  the  upper 
Missouri  River;  the  Lignitic  series  east  of  the  Rocky 
Mountains  in  Colorado;  the  Bitter  Creek  series  of  southern 
Wyoming  and  the  adjacent  parts  of  Colorado;  and  also 
the  "Bear  River  Estuary  beds,"  together  with  the  Evan- 
ston  coal  series,  of  the  valley  of  Bear  River  and  adjacent 
parts  of  Utah.  Strata  of  this  great  Laramie  group  are 
known  to  exist  in  other  large  and  widely  separated  dis- 
tricts of  the  western  portion  of  the  national  domain. 

Later  the  Laramie  was  believed  by  White  to 
have  been  recognized  as  far  south  as  the  States 
of  Chihuahua,  CJoahuila,  and  Nuevo  Leon, 
in  northern  Mexico.  It  was  also  adopted  by 
the  Canadian  geologists  and  shown  by  them  to 
extend  over  a  vast  area  in  the  British  posses- 
sions. In  fact,  as  late  as  1891,  after  a  number 
of  important  horizons  had  been  removed  from 
the  confines  of  the  Laramie,  White  "  gave  the 
following  as  the  recognized  distribution  of  the 
formation: 

The  present  geographical  outlines  of  the  area  within 
which  strata  of  this  formation  occur  are  not  yet  well  known, 
but  it  apparently  is  as  great  as  that  within  which  any  other 
North  American  formation  has  been  observed.  Their 
presence  has  been  recognized  at  so  many  and  such  widely 
separated  localities  that  they  safely  may  be  assumed  to 
once  have  formed  a  continuous  deposit  from  near  the 
twenty-sixth  to  near  the  fifty-fifth  parallel  of  north  latitude 
and  in  certain  districts  from  nea/  the  one  hundred  and 
third  to  near  the  one  hundred  and  fifteenth  meridian. 
That  is,  it  is  evident  that  this  formation  originally  con- 
sisted of  a  continuous  deposit  nearly  or  quite  2,000  miles 
long  from  north  to  south,  and  more  than  500  miles  across 
from  east  to  west. 

The  structural  and  lithologic  character  of 
the  Laramie  as  it  was  then  (1891)  accepted  was 
well  set  forth  by  White,"  who  wrot«  as  follows  : 

H  White,  C.  A.,  On  the  distribution  of  moUuacan  species  in  the  Laramie 
gronp:  U.  S.  Geol.  and  Qeog.  Survey  Terr.  Bull.,  vol.  4,  No.  3,  p.  721, 
July  28, 1878. 

••  White,  C.  A.,  Correlation  papers— Cretaceous:  U.  S.  Geol.  Survey 

Bull.  82,  p.  145, 1801. 
Mldem,  p.  146. 


In  lithological  character  the  Laramie  formation  is  re- 
markably unifonn  throughout  both  its  geographical  and 
vertical  extent,  and  it  seems  everywhere  to  have  been  the 
result  of  continuous  sedimentation  from  base  to  top.  Its 
strata  within  the  whole  of  the  great  area  which  they  occupy 
are  mostly  composed  of  sandy  material,  but  frequently 
they  are  more  or  less  argillaceous  and  rarely  calcareous. 
Sandstones  of  much  firmness  often  occur  among  them,  but 
a  large  part  of  the  sandy  strata  are  soft  and  friable.  Shaly 
strata  not  infrequently  occur,  and  these  are  often  carbona- 
ceous. The  formation  throughout  its  whole  extent  ia  coal- 
bearing. 

The  question  concerning  the  Laramie  w^hich 
gave  rise  to  the  most  extensive  discussion  and 
difference  of  opinion  was,  of  course,  that  of  its 
age.  It  may  be  of  interest  to  present  a  brief 
recapitulation  of  the  divergent  views  on  this 
point  that  had  been  promulgated  up  to  about 
1890,  or  approximately  to  the  time  when,  if  it 
is  permissible  to  use  the  expression,  the  reac- 
tion set  in,  and  the  pendulum  began  its  back- 
ward swing  as  regards  what  should  or  should 
not  be  included  within  the  limits  of  this  forma- 
tion— the  point  that  subsequent  investigation 
has  shown  is  the  cause  of  much  of  this  differ- 
ence of  opinion. 

King  and  the  other  members  of  the  Fortieth 
Parallel  Survey  regarded  the  Laramie  as  of 
Cretaceous  age  and  the  equivalent  of  the 
Lignitic  group  of  Hayden.  The  term  was 
immediately  accepted  by  Hayden  and  the 
members  of  the  Survey  under  his  direction, 
though  not  wholly  as  a  substitute  for  the 
eariier  ''Lignitic,"  for  they  admitted  un- 
doubted Cretaceous  coals.  Hayden  regarded 
the  Laramie  as  transitional  between  Cretaceous 
and  Tertiary.  Endlich,  from  his  studies  in  the 
vicinity  of  Trinidad,  Colo.,  referred  the.  coal- 
bearing  rocks  of  the  region  (= Laramie)  to 
post-Cretaceous  or  pre-Tertiary.  White,  End- 
lich, and  Peale,  who  investigated  the  Laramie, 
especially  in  Utah,  Wyoming,  and  Colorado, 
called  it  post-Ci-etaceous,  and  White  in  partic- 
ular stated  his  belief  that  it  was  transitional 
between  Cretaceous  and  Tertiary.  Stevenson 
and  Newberry  also  were  familiar  with  the  areas 
in  southern  Colorado  and  New  Mexico  and 
were  firm  in  their  belief  that  it  was  Cretaoeous. 
The  vertebrate  paleontologists  Cope,  Marsh, 
and  many  others  after  them  referred  the  Lara- 
mie unqualifiedly  to  the  Cretaceous,  largely  on 
the  ground  that  it  contained  remains  of  dino- 
saurian  reptiles  that  were  believed  to  be  an 
unfailing  mark  of  Cretaceous  age.  On  the 
other  hand,   Lesquereux,  from  his  extensive 
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studies  of  the  fossil  plants,  was  strenuous  in  his 
claim  that  the  ''Lignitic"  and  later  the  Lara- 
mie were  of  Tertiary  age. 

In  1884-85  Lester  F.  Ward  "  instituted'  an 
elaborate  investigation  and  comparison  of  the 
fossil  plants,  in  the  hope  of  throwing  conclu- 
sive light  on  its  age.  Ward  was  undoubtedly 
influenced  by  the  prevailing  opinion,  chiefly 
that  of  White,  as  to  what  should  be  regarded 
as  Laramie,  with  the  result,  as  is  now  ki^own, 
of  referring  to  it  beds  later  proved  to  belong 
to  the  Montana,  Laramie,  Arapahoe,  Denver, 
Lance,  and  Fort  Union,  and  it  is  small  wonder 
that  he  was  unable  to  reach  definite  conclu- 
sions. 

From  this  point  on  it  will  be  inexpedient  to 
follow  the  strictly  chronologic  method  of 
treatment,  for  the  reason  that  the  literature  is 
so  very  extensive  and  scattered,  and  conse- 
quently it  will  be  taken  up  by  regions  or 
special  horizons  that  have,  for  one  reason  or 
another,  come  into  prominence.  Each  of  these, 
particularly  those  of  special  interest  as  bearing 
on  the  problejn,  will  be  followed  through  to 
the  present  time.  It  is  to  be  remembered  that 
the  area  over  which  the  Laramie  was  believed 
to  be  more  or  less  continuously  exposed 
reached  its  maximum  extension  about  1890, 
since  when,  by  a  process  of  elimination  or 
subtraction,  it  has  constantly  been  diminishing 
until  at  the  present  time  only  a  comparatively 
small  area  remains  to  support  the  name. 

RELATIONS  BETWEEN  THE  LARAMIE  OF  THE 
DENVER  BASIN,  TAKEN  AS  A  STANDARD,  AND 
THE  REPORTED  LARAMIE  IN  THAT  AND 
OTHER  AREAS. 

As  set  forth  in  the  preceding  pages,  the  his- 
tory of  the  Laramie  formation  shows  that  it 
has  had  what  may  be  called  a  rise  and  fall. 
From  the  da,te  of  the  introduction  of  the  term 
into  geologic  literature  and  usage,  in  1875,  to 
about  1890  its  application  was  undergoing  a 
process  of  expansion,  until  the  formation  was 
believed  to  have  covered  a  vast  area  extending 
from  northern  Mexico  to  the  Arctic  Circle  and 
many  hundreds  of  miles  in  width.  In  part  con- 
current with  this  expansion,  or  from  about  1888 
to  the  present  time,  the  application  of  the  term 
has  been  subjected  to  a  process  of  elimination 
or  curtailment,  until,  as  was  long  ago  so  aptly 

M  Ward,  L.  F.,  Synopsis  of  the  flora  of  the  Laramie  group:  U.  S.  Qeol. 
Biinrey  Sixth  Ann.  Rept.,  for  1884-86,  pp.  401-557, 1886. 


stated,  the  problem  became  not  so  much  ''To 
what  age  does  the  Laramie  belong  ? "  as  ''  A  hat 
belongs  to  the  Laramie?" 

As  time  went  on,  it  was  again  and  again  in- 
contestably  shown  that  beds  supposed  to  ful- 
fill the  requirements  of  the  definition  of  the 
Laramie  had  been  incorrectly  so  placed  for  one 
reason  or  another,  and  reasonable  doubt  had 
been  cast  upon  the  right  of  many  other  beds 
to  be  considered  as  typical  Laramie. 

It  is  proposed  in  the  following  pages  to  re- 
view the  several  stratigraphic  units  or  geo- 
graphic areas  to  which  or  within  which  the 
term  Laramie  is  no  longer  considered  applic- 
able or  at  least  requires  a  greater  or  less  meas- 
ure of  qualification.  So  far  as  possible  the 
sequence  is  chronologic,  but  naturally  it  has 
not  been  expedient  to  adhere  strictly  to  the 
chronologic  order,  so  far  as  that  would  lead  to 
needless  repetition  or  to  the  breaking  up  of  the 
discussion  of  a  natural  geographic  unit.  Never- 
theless, it  has  been  impossible  to  avoid  some 
repetition  and  overlapping  in  the  treatment, 
owing  to  the  fact  that  results  obtained  in  one 
field  may  have  a  more  or  less  important  bearing 
on  another  field. 

ABAPAHOB  AND  DENVEB  FORMATIONS. 

The  area  about  the  city  of  Denver,  Colo., 
now  well  known  as  the  Denver  Basin,  is  in  a 
way  classic  ground  for  geology.  It  had  been 
visited  and  studied  in  greater  or  less  detail  by 
a  number  of  geologists  and  paleontologists, 
including  J.  L.  LeConte,  F.  V.  Hayden,  Leo 
Lesquereux,  A.  R.  Marvine,  C.  A.  White,  S.  F. 
Emmons,  Whitman  Cross,  G.  H.  Eldridge,  and 
L.  F.  Ward.  The  coal-bearing  rocks  conform- 
ably above  the  marine  Cretaceous  Fox  Hills 
formation  were  at  first  believed  to  be  a  southern 
extension  of  the  ''Lignitic  group"  of  the  upper 
Missouri  River  region  and  were  held  by  Hayden, 
Lesquereux,  and  others  to  be  of  Tertiary 
age.  When  the  Laramie  '^ group*'  was  estab- 
lished by  King,  this  portion  of  the  section  in 
the  Denver  Basin  and  adjacent  areas  along  the 
Front  Range  fell  within  its  limits,  and  the 
beds  were  regarded  by  him  and  by  those  who 
accepted  his  views  as  Cretaceous.  This  so- 
called  Laramie  was  for  many  years  regarded 
as  a  unit,  notwithstanding  the  fact  that  at 
certain  points  along  the  base  of  the  moun- 
tains, notably  at  Golden,  the  lower  or  coal- 
bearing  portion  of  the  section  was  vertical, 


16 


LARAMIE  FLORA  OF  THE  DENVER  BASIN. 


whereas  the  adjacent  beds  of  Table  Mountain 
were  practically  horizontal.  Some  geologists 
invoked  the  presence  of  a  hypothetical  fault 
to  account  for  this  obvious  discordance,  but 
it  is  now  known  to  be  due  to  a  sharp  fold  and 
not  to  a  fault.  This  is  shown  by  the  fact 
that  at  Green  Mountain,  3  or  4  miles  south  of 
Golden,  the  Arapahoe  and  the  lower  part  of 
the  Denver,  as  well  as  the  Laramie,  are  verti- 
cal. Both  the  lower  and  the  upper  beds  are 
abundantly  plant-bearing,  and  both  had  fur- 
nished extensive  collections,  but,  as  it  later  ap- 
peared, no  distinction  was  made  in  the  speci- 
mens or  in  the  records  concerning  them,  all 
being  called  simply  *' Laramie,"  with  the  result 
that  when  the  horizons  were  proved  to  be  dis- 
tinct, the  greatest  confusion  and  difficulty 
arose  in  the  effort  to  separate  them. 

As  early  as  the  summer  of  1881,  when  Whit- 
man Cross  •*  began  his  studies  in  the  Denver 
Basin,  he  ^' first  observed,"  to  use  his  own 
language,  ''that  the  Table  Mountain  strata 
possessed  characteristics  proving  them  to  be- 
long to  a  series  distinct  from  the  normal  Lara- 
mie."  No  published  announcement  of  this 
discovery  was  made  at  the  time,  and  field 
work  was  continued  in  the  region  for  a  number 
of  succeeding  years,  during  which  G.  H.  Eld- 
ridge  ascertained  that  another  distinct  Tertiary 
formation  occurred  between  that  discovered  by 
Cross  and  the  normal  Laramie.  A  preliminary 
statement  of  the  most  important  results  of  this 
investigation  was  made  by  Eldridge  and  Cross 
in  two  papers  read  before  the  Colorado  Scien- 
tific Society  July  2,  1888.  In  the  first  of  these 
papers"  Eldridge  named  and  described  the 
Arapahoe  formation,"  which,  he  stated,  was 
''the  formation  next  succeeding  the  Laramie  in 
geological  order  and  unconformably  resting  on 
it. "     It  was  characterized  as  follows: 

It  is  composed  of  a  basal  member  of  conglomerate  or 
gritty  sandstone,  according  to  its  distance  from  the  foot- 
hills, with  an  overlying  zone  of  gray  argillaceous  or 
arenaceous  shales,  containing  lenticular  masses  of  hard, 
quartzose  sandstone,  with  an  occasional  ironstone;  when 
confined  between  under-  and  overlying  groups  it  has  a 
thickness  varying  between  600  and  1,200  feet. 

M  Cross,  Whitman,  The  Tertiary  Denver  formation:  Am.  Jour.  Scl., 
3dser.,  vol.  37,  p.  282, 1880. 

M  Eldridge,  O.  H.,  On  some  stratigraphieal  and  structural  features  of 
the  country  about  Denver,  Cdo.:  Colorado  Sci.  Soc.  Proc.,  vol.  3,  pp. 
86-118, 1888. 

"  This  was  first  named  the  "  Willow  Creek  beds, "  but  on  the  ground  of 
preoccupation  the  name  was  changed  in  a  footnote  (p.  97)  to  Arapahoe. 


In  the  succeeding  paper  Cross  *•  named  and 
described  the  Denver  Tertiary  formation,  which 
he  found  to  be  unconformably  overlying  the 
Arapahoe.  Lithologically  it  was  found  to  be 
composed  almost  entirely  of  andesitic  volcanic 
material;  its  thickness  was  given  as  800  to  1,200 
feet. 

As  already  indicated,  both  Arapahoe  and  Den- 
ver were  regarded  originally  as  of  Tertiary  age 
and  both  were  found  to  contain  fairly  abundant 
vertebrate  remains  belonging  to  turtles,  croco- 
diles, dinosaurs,  and,  it  was  at  first  supposed, 
mammals.  These  remains  were  studied  by 
O.  C.  Marsh,  and  at  first  the  study  resulted  in 
great  confusion.  The  dinosaurs  from  the  Den- 
ver were  pronounced  to  be  *' typical  Jurassic 
dinosaurs  of  both  herbivorous  and  carnivorous 
types."  *•  Though  found  in  the  same  beds, 
what  was  described  as  a  bison  was  referred  to 
latest  Pliocene  tinje.  Later  these  dinosaurs 
and  the  supposed  bison  were  found  to  belong 
to  the  Ceratopsidae,  a  group  of  homed  dino- 
saurs especially  abundant  in  Converse  County, 
Wyo.,  to  which  consideration  will  be  given  in 
subsequent  pages.  This  determination,  accord- 
ing to  the  vertebrate  paleontologists,  fixed 
their  age  as  Cretaceous.  The  invertebrates 
consisted  of  a  few  rather  poorly  preserved 
fresh-water  types  that  did  not  prove  of  much 
value  in  fixing  the  age. 

Fossil  plants  were  abundant,  especially  in 
the  Denver  beds,  but,  as  already  stated,  the 
specimens  collected  were  not  labeled  with  the 
names  of  specific  localities,  and  all  were  re- 
garded as  of  Laramie  age.  Before  they  could 
be  utilized  in  the  light  of  this  newer  informa- 
tion as  regards  their  stratigraphic  relations,  it 
was  necessary  to  separate  them  on  the  basis 
of  the  matrix.  They  were  fortunately  pre- 
served in  the  United  States  National  Museum; 
and  a  study  of  the  matrix  undertaken  by  Cross 
resulted  in  showing  that  they  were  abundantly 
distinct  from  those  of  the  underlying  Laramie — 
in  fact,  out  of  about  98  species  in  the  Laramie 
and  some  140  in  the  Arapahoe  and  Denver, 
only  about  15  nominal  species  were  found  in 
common.     Subsequent  studies  of  the  Arapahoe 


M  Cross,  Whitman,  The  Denver  Tertiary  formation:  Colorado  Sci.  Soc. 
Proc.,  vol.  3,  pp.  119-133, 1888.  Recast  and  republished  under  the  same 
title  in  Am.  Jour.  Sci.,  3d  ser.,  vol.  27,  pp.  261-282,  1889. 

w  Cannon,  G.  L.,  On  the  Tertiary  Dinosauria  found  in  Denver  beds: 
Colorado  Sci.  Soc.  Proc.,  vol.  3,  p.  143, 1888. 
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and  Denver  plants  have  shown  them  to  be 
essentially  Tertiary  in  type. 

In  1892  Cross*®  briefly  reviewed  the  rela- 
tions of  the  Arapahoe  and  Denver  formations 
of  the  Denver  Basin  and  also  enumerated 
additional  localities  in  the  Huerfano  Basin, 
Gunnison  County,  the  Yampa  River  region,  the 
Animas  River  region.  Middle  Park,  and  else- 
where, in  which  identical  or  similar  strati- 
graphic  relations  had  been  suggested.  He 
discussed  at  length  the  conflicting  paleonto- 
logic  evidence  of  the  age  of  the  lake-bed 
deposits  and  concluded  as  follows: 

The  writer  wishes  to  advocate  the  restriction  of  the  t«nn 
Laramie,  in  accordance  with  its  original  definition,  to 
the  series  of  conformable  beds  succeeding  the  marine 
Montana  Cretaceous*  and  the  grouping  of  the  post- Laramie 
lake  beds  described,  with  their  demonstrated  equivalents, 
in  another  series  to  which  a  comprehensive  name  shall 
eventually  be  given.  *  *  ♦  The  question  as  to 
whether  the  series  shall  be  referred  to  the  Cretaceous  or  to 
the  Eocene  can  not  be  finally  settled  until  the  various 
conflicting  elements  of  the  evidence  have  been  adjusted 
on  a  basis  of  further  and  more  exact  information. 

Later  in  the  same  year  Cross  '^  published  an 
article  on  the  post-Laramie  beds  of  Middle 
Park,  as  an  amplification  of  the  previous  brief 
notice.  In  this  article  he  showed  that  the 
large  area  referred  to  the  *' Lignite"  or  Laramie 
was  occupied  by  a  thick  series  of  mainly 
andesitic  rock  resting  unconformably  on  marine 
Cretaceous  beds,  with  no  evidence  that  the 
Laramie  had  ever  been  present.  These  beds, 
which  he  called  the  Middle  Park  beds,  were 
correlated  with  the  Denver  on  account  of  the 
lithologic  similarity  and  the  identity  of  the 
contained  flora. 

The  publication  of  the  Denver  Basin  mono- 
graph by  Emmons,  Cross,  and  Eldridge*' 
was  delayed  until  1896,  and  in  many  ways  the 
delay  was  perhaps  of  advantage,  for  it  per- 
mitted the  incorporation  and  discussion  of 
many  important  facts  that  had  in  the  meantime 
been  made  available  regarding  the  strati- 
graphic  and  other  relations  of  the  determined 
or  supposed  correlatives  of  the  formations 
here  under  discussion.  The  Laramie,  Arapa- 
hoe, and  Denver  formations  of  the  Denver 
Basin  were,  of  course,  described  in  detail,  and 
the  unconformable  relations  between  the 
Laramie  and  overlying  Arapahoe  were  espe- 

•*  Cross,  Whitman,  Post-Laramie  deposits  of  Colorado:  Am.  Jour. 
Sci.,  3d  ser.,  vol.  44,  pp.  19-42,  1892. 
•»  Cross,  Whitman,  Colorado  Sri.  So?.  Pro?.,  vol.  4,  pp.  192-213,  189.2 
»  U.  S.  Oeol.  Survey  Mon.  27,  1896. 


cially  made  plain.  The  magnitude  of  the  time 
interval  represented  by  the  unconformity  was 
insisted  upon  as  of  major  importance  in  Rocky 
Mountain  geology. 

The  Arapahoe  and  Denver  formations  were 
in  this  monograph  referred  to  the  Cretaceous 
out  of  deference  to  the  views  of  the  vertebrate 
paleontologists,  as  it  had  been  found  that  the 
vertebrates  appeared  to  be  much  more  nearly 
allied  to  Mesozoic  than  to  Cenozoic  types. 
The  lithologic  and  stratigraphic  relations  of 
these  formations,  as  well  as  a  very  full  dis- 
cussion of  the  several  lines  of  paleontologic 
evidence,  are  given  by  Cross,  who  prepared  this 
portion  of  the  volume.  In  the  light  of  sub- 
sequent development  it  has  been  found  that 
many  of  his  queries  and  adumbrations  have 
had  a  wide  and  increasingly  important  appli- 
cation. 

For  ten  years  after  the  publication  of  the 
Denver  Basin  monograph  little  active  work 
was  prosecuted  in  this  region,  though  investi- 
gations in  adjacent  or  more  remote  areas  were 
found  to  have  a  more  or  less  direct  bearing  on 
the  problem  here  involved.  In  1907  A.  C. 
Veatch,*"  from  studies  in  Carbon  County, 
Wyo.,  was  led  to  question  the  validity  of  the 
current  application  of  the  term  Laramie.  He 
endeavored  to  prove  that  Carbon,  Wyo.,  was 
intended  by  King  to  be  the  type  locality  for  the 
Laramie.  In  this  vicinity  Veatch  discovered 
that  in  the  supposedly  continuous  Laramie 
section  there  is  a  profound  unconformity 
similar  to  that  found  by  Cross  in  the  Denver 
Basin,  and  as  the  beds  at  Carbon  studied  and 
described  by  the  members  of  the  King  Survey 
are  all  above  this  break  he  contended  that  the 
name  should  properly  be  applied  only  to  these 
beds  and  not  to  the  beds  that  are  conformable 
to  the  Cretaceous  section.  Veatch  further 
held  that  the  delimitation  of  the  Arapahoe 
and  Denver  constituted  a  virtual  redefinition 
of  the  Laramie. 

Replies  to  this  paper  were  made  by  Cross  •* 
and  Peale,**  and  it  is  sufficient  to  state  that 
the  view  advocated  by  Veatch  has  not  been 
adopted.  Cross  especially  reviewed  the  facts 
relating  to  the  application  of  the  term,  hold- 

«  On  the  origin  and  definition  of  the  geologic  term  Laramie:  Am.  Jour. 
Sci.,  4th  ser.,  vol.  24,  p.  18, 1907;  expanded  under  the  same  title  In  Jour. 
Geology,  vol.  15,  p.  526, 1907. 

M  Cross,  Whitman,  The  Laramie  formation  as  the  Shoshone  group: 
Washington  Acad.  Sci.  Proc.,  vol.  11,  pp.  27-45, 1909. 

•  Peale,  A.  C,  On  the  application  of  the  term  Laramie:  Am.  Jour.  Sci. . 
4th  ser.,  vol.  28,  pp.  45-58, 1909. 
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ing  that  the  separation  of  the  Arapahoe  and 
Denver  did  not  constitute  redefinition,  and 
'  finally,  following  a  suggestion  made  by  himself 
in  1892,  proposed  for  the  latter  and  their 
equivalents  the  term  Shoshone  group.  He 
said : 

It  is  proposed  to  apply  the  term  Shoshone  group  to  the 
deposits  which  unconformably  succeed  the  Laramie  and 
to  their  equivalents  and  which  are  overlain  by  the  Fort 
Union  or  Wasatch  beds  when  they  are  present. 

In  this  paper  Cross  reviewed  briefly  the  data 
bearing  on  the  age  of  these  post-Laramie  beds 
and  concluded  as  follows : 

In  the  preceding  discussion  I  have  avoided  the  question 
as  to  the  age  of  Shoshone  beds,  whether  Cretaceous  or 
Eocene.  I  desire  now  to  urge  their  reference  to  the 
Eocene.  The  Denver  beds  were  originally  referred  by 
me  to  the  Eocene,  but  the  great  weight  attached  to  the 
Mesozoic  affinities  of  the  vertebrate  fauna  by  paleontolo- 
gists led  to  a  tentative  acquiescence  in  the  assignment  of 
the  Arapahoe  and  Denver  formations  to  the  Cretaceous 
in  the  Denver  monograph. 

RATON  MESA  REGION  OF  COLORADO  AND  NEW 

MEXICO. 

In  1907  a  series  of  observations  were  begun 
in  the  Raton  Mesa  region  of  southern  Colorado 
and  northern  New  Mexico,  which  were  found 
ultimately  to  have  an  important  bearmg  on  the 
formations  under  discussion  in  the  Denver 
Basin. 

The  Canon  City  field  of  Colorado,  although 
slightly  extralimital,  is  here  included  in  the 
Raton  Mesa  region,  which  really  begins  with 
Walsenburg,  Colo.,  and  vicinity  and  extends 
southward  to  Cimarron  River,  N.  Mex.  The 
early  history  of  geologic  exploration  and  inter- 
pretation in  this  region  has  already  been  given 
in  the  historical  review  of  the  time  which  pre- 
ceded the  establishment  of  the  term  Laramie, 
and  in  this  connection  it  is  only  necessary  to 
mention  the  names  of  Le  Conte,  Lesquereux, 
^  Hayden,  Newberry,  and  Stevenson  as  among 
those  who  took  principal  parts  in  the  discus- 
sion. The  section  of  coal-bearing  rocks  in  this 
region  was  considered  by  one  set  of  students 
as  being  more  or  less  directly  the  equivalent  of 
the  ''Lignite  group"  of  the  north  and  Tertiary 
in  age.  The  opposing  students  regarded  the 
age  as  Cretaceous,  but  when  the  Laramie  was 
established  by  King  the  definition  appeared  to 
fit  the  Raton  Mesa  section,  and  consequently 
the  beds  in  this  area  soon  came  to  be  accepted 
as  of  Laramie  (Cretaceous)  age.     It  should  not 


be  overlooked,  however,  that  fi\>m  bis  studies 
of  the  fossil  plants  Lesquereux  was  led  to 
insist  that  the  flora  of  certain  localities  within 
this  area,  notably  Raton  Pass  and  Fishers  Peak, 
indicated  a  correlation  with  the  so-called  ''  Eo- 
lignitic"  (  =  Wilcox  formation)  of  the  Gulf 
region  and  was  of  Tertiary  age. 

A  critically  annotated  historical  review  of 
geologic  and  paleontologic  literature  on  this 
region  is  given  in  a  recent  paper  by  Lee  and 
Knowlton,'*  to  which  the  reader  is  referred 
for  full  particulars.  In  the  present  connec- 
tion it  is  sufficient  to  begin  with  the  time — 
about  1900--when  geologists  had  reached  a 
general  agreement  that  the  coal-bearing  rocks 
of  the  Raton  Mesa  region  are  of  Laramie  age 
and,  moreover,  that  sedimentation  had  been 
continuous  and  uninterrupted  thioughout  the 
deposition  of  this  section.  Thus,  in  my 
'Xatalogue  of  the  Cretaceous  and  Tertiary 
plants  of  North  America," "  published  in 
1898,  the  plants  from  the  Raton  region  were 
referred  to  the  Laramie  as  then  cunently 
accepted.  In  Newberry's  long  delated  mono- 
graph on  the  later  extinct  floras  of  North 
America,**  also  issued  in  1898,  the  few  species 
from  this  region  were  referred  without  ques- 
tion to  the  Laramie.  In  the  Walsenburg  and 
Spanish  Peaks  geologic  folios,  by  R.  C.  Hills,*' 
issued  in  1900  and  1901,  respectively,  the  pro- 
ductive coal  measures  were  referred  to  the 
Laramie  without  qualification. 

In  1909,  however,  W.  T.  Lee'*  published  a 
short  paper  under  the  title  ''Unconformity  in 
the  so-called  Laramie  of  the  Raton  coal  field, 
New  Mexico,*'  in  which  the  following  was 
given  as  the  thesis: 

The  purpose  of  this  paper  is  to  describe  an  uncon- 
formity hitherto  unknown  that  is  of  more  than  ordinary 
interest  because  it  divides  rocks  previously  referred  to 
the  Laramie  into  two  distinct  formations.  *  *  ♦  Dur- 
ing the  time  interval  represented  by  the  unconformity 
the  sedimentary  rocks  previously  laid  down  mthin  the 
Raton  field  were  subjected  to  erosion  for  a  considerable 
length  of  time,  and  the  Rocky  Mountains  west  of  this 
field  were  elevated  and  eroded  to  a  depth  of  several 
thousand  feet. 

Lee  further  pointed  out  that 


•Lee,  W.  T.,  and  Knowlton,  F.  H.,  Geology  and  paleontology  of 
the  Raton  Mesa  and  other  regions  in  Colorado  and  New  Mexico:  U.  S. 
Geol.  Survey  Prof.  Paper  101,  pp.  17-37, 1918. 

w  Knowlton,  F.  H.,  U.  S.  Geol.  Survey  Bull.  152,  1898. 

"  Newberry,  J.  S.,  U.  S.  Geol.  Survey  Mon.  35, 1898. 

•  Hills,  R.  C,  U.  S.  Geol.  Survey  Geol.  Atlas,  Walsenburg  folio  (No. 
68),  1900:  Spanish  Peaks  folio  (No.  71),  1901. 

70  Lee,  W.  T.,  Geol.  Soc.  America  Bull.,  vol.  20,  pp.  357-358,  1909. 
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The  upper  formation  has  the  stratigraphic  poedtion  of 
the  Arapahoe  of  the  Denver  Basin  but  contains  a  flora 
apparently  more  closely  related  to  that  of  the  Denver 
formation  than  it  is  to  the  Laramie  of  the  Denver  Basin. 
The  lower  one  has  the  stratigraphic  position  of  the  Lara- 
mie of  the  Denver  Basin  but  contains  a  flora  that  is  ap- 
parently older  than  Laramie. 

As  regards  the  significance  of  this  uncon- 
formity Lee  added: 

There  are  several  possibilities  of  interpretation,  as  will 
be  pointed  out  in  the  following  pages,  but  the  one  con- 
sidered most  probable  is  that  the  uplift  and  erosion  rep- 
resented by  the  unconformity  were  contemporaneous 
with  the  post-Laramie  uplift  and  erosion  described  by 
Gross  and  others  from  the  Denver  region. 

Without  unduly  anticipating,  it  may  be 
stated  that  subsequent  work  has  entirely 
confirmed  this  interpretation. 

In  1910  G.  B.  Richardson,'^  in  a  short  report 
on  the  coal  resources  of  the  Trinidad  coal  field 
of  Colorado,  noted  the  conglomerate  described 
b}'  Lee  in  the  report  on  the  Raton  coal  field  as 
marking  the  unconformity  and  said : 

The  significance  of  the  conglomerate  in  the  Trinidad 
field  remains  to  be  determined.  Occurring  intermittently 
in  the  midst  of  coal-bearing  rocks,  it  may  represent  only  a 
local  change  in  conditions  of  deposition,  or,  as  maintained 
by  Lee  for  a  conglomerate  in  the  Raton  field,  presumably 
the  same  as  the  one  just  described,  it  may  mark  an  uncon- 
formity contemporaneous  with  the  post-Laramie  uncon- 
formity of  the  Denver  Basin.  *  *  ♦  The  final  word 
concerning  the  age  of  the  rocks  above  and  below  this  con- 
glomerate in  the  coal  measures,  involving  its  significance 
as  a  hiatus  marker,  must  come  from  the  paleontologist. 

As  the  paleobotanic  data  then  tentatively 
supplied  by  me  were  more  or  less  conflicting 
and  inconclusive,  Richardson  wisely  enough 
concluded  that 

Until  further  paleobotanical  knowledge  is  available,  the 
age  of  these  rocks  must  remain  unsettled .  For  the  present 
it  seems  best  to  retain  the  old  nomenclature  and  to  refer 
the  strata  occurring  between  the  Trinidad  sandstone  and 
the  Poison  Canyon  formation  to  the  Laramie. 

In  the  same  volume  with  Richardson's  report 
is  a  paper  by  C.  W.  Washbume  "  on  the  Canon 
City  coal  field,  Colo.,  in  which  he  stated  that 

The  Laramie  formation,  which  contains  all  the  coal  beds 
f    of  the  Canon  City  field,  rests  conformably  on  the  Trinidad 
sandstone  and  is  unconformably  overlain  by  the  Arapahoe 
(?)  conglomerate.    The  productive  division  of  the  forma- 
tion is  the  lower  600  or  700  feet. 

Although  Washbume  admitted  that  the 
'*  upper  part  of  the  coal  measures  contains  a 

7>  Richardson,  G.  B.,  The  Trinidad  coal  field,  Colo.:  U.  S.  Geol 
Survey  Bull.  381,  pp.  379-446. 1910. 
n  U.  8.  Geol.  Survey  Bull.  381.  pp.  341-378, 1910. 


flora  equivalent  to  that  of  the  Laramie  for- 
mation of  the  Denver  Basin,  while  the  lower 
part  contains  a  flora  of  upper  Montana  age/' 
he  concluded  that  '^  there  seems  no  good  reason 
for  separating  these  lower  beds  from  the  Lara- 
mie, even  though  they  contain  an  upper 
Montana  flora." 

The  work  on  the  stratigraphy  and  paleo- 
botany of  this  region  was  continued  by  liee 
andKjiowlton/'  and  their  results  were  presented 
for  publication  early  in  1913.  These  results 
I  briefly  summed  up  in  May  of  that  year  as 
follows:^* 

In  1907  W.  T.  Lee  began  the  study  of  the  coal  in  the 
Raton  field,  and  while  prosecuting  this  work  he  discovered 
the  presence  of  an  unconformity  in  the  midst  of  the  section 
of  coal-bearing,  supposed  Laramie  rocks.  This  uncon- 
formity was  traced  throughout  the  entire  Raton  Mesa  and 
subsequently  was  carried  around  the  southern  end  of  the 
mountains  and  well  up  along  their  western  front.  The 
rocks  below  the  unconformity,  to  which  the  name  Vennejo 
formation  has  been  given,  have  a  maximum  thickness  of 
only  about  375  feet,  while  the  rocks  above  the  uncon- 
formity, now  called  the  Raton  formation,  are  about  1,600 
feet  in  thickness.  In  some  places  the  Raton  formation 
rests  on  the  full  thickness  of  the  Vermejo  formation,  while 
in  other  localities  the  Vermejo  is  greatly  reduced,  and  in 
at  least  one  place  the  entire  Vermejo,  together  with  the 
underlying  Trinidad  sandstone,  has  been  removed  and  the 
Raton  rests  directly  on  Pierre. 

When  the  unconformity  had  been  demonstrated,  it 
became  of  the  greatest  interest  and  importance  that  the 
fossil  plants  should  be  studied  to  ascertain  their  bearing, 
first,  on  the  distinctness  of  these  two  formations,  and, 
second,  on  the  question  of  age.  ♦  ♦  *  The  total  flora 
of  the  Raton  Mesa  region  comprises  257  forms,  of  which 
number  106  belong  to  the  lower,  or  Vermejo  and  Trinidad 
formations,  and  151  to  the  upper,  or  Raton  formations. 
Only  4  species  have  been  found  to  cross  the  line  of  the 
unconformity,  which  is  taken  as  pretty  conclusive  evi- 
dence of  the  distinctness  of  the  two  formations.  *  *  * 
The  Vermejo  formation  is  shown  by  the  plants  to  be  Creta- 
ceous (Montana)  in  age,  being  in  the  approximate  position 
of  the  Mesaverde. 

The  Raton  formation  is  shown  to  be  essentially  of  the 
same  geologic  age  as  the  Denver  formation  of  the  Denver 
Basin  and  of  the  Wilcox  formation  of  the  Gulf  region,  the 
latter  being  indisputably  of  Eocene  age.  The  conclusion 
is  therefore  reached  that  the  Raton  and  Denver  formations 
are  Eocene  in  age. 

In  the  mieantime,  as  indicated  above,  Lee  had 
continued  the  studies  from  Raton  Mesa  around 
the  south  end  of  the  Rocky  Moimtains  and  well 

T*  Lee,  W.  T.,  and  Knowlton,  F.  H.,  Geology  and  paleontology  of  the 
Raton  Mesa  and  other  regions  In  Colorado  and  New  Mexico:  U.  S.  Oeol. 
Survey  Prof.  Paper  101, 1918. 

v<  Knowlton,  F.  H.,  Results  of  a  paleobotanical  study  of  the  ooal- 
bearlng  rocks  of  the  Raton  Mesa  region  of  Colorado  and  New  Mexico; 
Am.  Jour.  Sd.,  4th  ser.,  vol.  35,  pp.  520-530, 1913. 
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up  along  the  west  side.     His  results  were  set 
forth  in  a  paper  published  in  1912." 

COLOBADO  SPBINGS  ABEA. 

Although  the  Colorado  Springs  area  is  in 
practical  connection  with  the  Denver  Basin 
and  in  fact  is  considered  a  part  of  the  basin  in 
the  present  study,  there  are  reasons  that  make 
it  desirable  to  treat  this  area  separately  and 
specifically. 

The  first  fairly  comprehensive  account  of  the 
geology  of  this  area  was  given  in  1869,  by  F.  V. 
Hayden,^'  who  made  a  reconnaissance  study 
from  Cheyenne,  Wyo.,  through  the  Denver 
Basin,  Colorado  Springs,  Canon  City,  and 
Raton  fields.  At  that  time  he  considered  the 
coal-bearing  rocks  as  belonging  to  the  '^Lig- 
nitic ''  and  of  Tertiary  age. 

In  1872  Leo  Lesquereux  "  visited  this  region 
and  gave  a  brief  account  of  the  geologic  rela- 
tions of  the  coal-bearing  rocks,  including  a  sec- 
tion of  the  rocks  at  the  Gehrung  coal  mine, 
north  of  Colorado  Springs,  which  he  considered 
as  similar  to  the  section  in  the  Raton  Moun- 
tains. A  list  of  the  fossil  plants  collected  is 
given  on  page  375  of  his  report. 

In  ttie  following  year  A.  C.  Peale  '*  also  gave 
a  short  account  of  the  geology  of  the  Colorado 
Springs  area,  but  it  Was  mainly  a  confirmation 
of  the  work  of  Lesquereux,  whose  section  at  the 
Gehrung  mine  he  quoted.  Peale  also  visited 
the  France ville  coal  mines,. about  12  miles  east 
of  Colorado  Springs,  and  identified  portions  of 
the  section  with  that  at  the  Gehrung  mine. 
The  fossil  plants  he  obtained  at  this  locality  are 
enumerated  on  pages  326-375  of  his  report. 

At  this  point  it  is  necessary  to  speak  of  the 
so-called  Monument  Creek  group,  on  account 
of  the  part  it  played  in  the  elucidation  of  the 
geologic  history  of  this  region.  The  term 
*' Monument  Creek  group"  was  established  by 
Hayden  ^'  for  a  series  of  '^variegated  beds  of 
sands  and  arenaceous  clays,  nearly  horizontal, 


T5  Lee,  W.  T.,  Stratigraphy  of  the  coal  fields  of  northern  central  New 
Mexico:  Geol.  Soc.  America  Bull.,  vol.  23,  pp.  571-^M8, 1912.  As  already 
Indicated,  the  C3mplete  report  on  the  Raton  Mesa  region  by  Lee  and 
Knowlton  was  published  In  1918  as  U.  S.  Geol.  Survey  Prof.  Paper  101; 
to  this  report  the  reader  is  referred  for  details  of  the  geology  and  paleo- 
botany. 

7'  Preliminary  field  report  of  the  United  States  geological  survey  of 
Colorado  and  New  Mexico,  pp.  37-46, 1869;  reprint,  pp.  137-146,  187?. 

n  The  Lignitic  formation  and  its  fossil  flora:  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1872,  pp.  325-327,  1873. 

"  Peale,  A.  C,  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann.  Rept.  for  1873, 
pp.  202-203,  1874. 

'»  Op.  cit.,  p.  40. 


resting  on  the  upturned  edges  of  the  older 
rocks,  *  *  *  of  various  colors  *  *  * 
and  of  various  degrees  of  texture."  This  series 
occurs  along  the  Front  Range  on  the  divide  be- 
tween the  Platte  and  Arkansas  drainage,  where 
it  covers  an  area  *'of  about  40  miles  in  width 
from  east  to  west,  and  50  miles  in  length  north 
and  south."  From  its  modem  appearance 
Hayden  concluded  that  it  was  of  "either  late 
Miocene  or  Pliocene  age." 

In  1873  Cope*^  referred  to  the  "Monument 
Creek"  as  follows: 

The  age  of  the  Monument  Creek  formation  in  relation  to 
the  other  Tertiaries  not  having  been  definitely  deter- 
mined, I  sought  for  vertebrate  foflsils.  The  most  charac- 
teristic one  I  procured  was  the  hind  leg  and  foot  of  an 
artiodactyl  of  the  Oreodon  type,  which  indicated  conclu- 
sively that  the  formation  is  newer  than  the  £k>cene.  ^From 
the  same  neighborhood  and  stratum,  as  I  have  every  reason 
for  believing,  the  fragment  of  the  Megaceratops  [obvious 
error  for  Megacerops]  coloradoerms  was  obtained.  This  fos- 
sil is  e:^ually  conclusive  against  the  Pliocene  age  of  the 
formation,  so  that  it  may  be  referred  to  the  Nfiocene  until 
further  discoveries  enable  us  to  be  more  exact. 

In  the  following  year  (1874)  Hayden  "  again 
referred  to  the  ^'Monument  Creek  group." 
After  describing  it  at  some  length,  and  alluding 
to  Cope's  statement  regarding  the  vertebrate 
evidence,  he  said:  '*As  to  the  real  age  of  this 
group,  I  am  inclined  to  regard  it  as  Miocene, 
perhaps  upper  Miocene." 

The  next  publication  that  it  is  necessary  to 
notice  is  the  Denver  Basin  monograph,*'  by 
Emmons,  Cross,  and  Eldridge,  though  in  that 
work  the  discussion  of  these  rocks  was  brief,  as 
they  occur  in  the  series  of  beds  mapped  only 
as  projecting  tongues  forming  the  divide  be- 
tween the  Platte  and  Arkansas  waters.  Em- 
mons gave  first  a  brief  summary  (p.  38)  in 
which,  although  calling  the  beds  the  ''Monu- 
ment Creek  formation,"  he  noted  that  ''two 
divisions  have  been  distinguished,  marked  by 
an  apparent  unconformity  and  period  of 
erosion."  The  lower  division  was  referred 
tentatively  to  the  Miocene  on  the  basis  of  the 
previous  vertebrate  work  of  Cope,  while  the 
upper  division  was  thought  probably  to  be 
referable  to  the  Pliocene. 

Eldridge  devoted  several  pages  to  a  general 
description  of  the  stratigraphic  relations,  lith- 

w  Cope,  E.  D.,  Report  on  the  vertebrate  paleontology  of  (  olorado: 
U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann  Rept.  for  1873,  p.  430,  1874. 

«»  Hayden,  F.  V.,  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann.  Rept. 
for  1874,  pp.  36,  37,  1876. 

«  Emmons,  S.  F.,  Cross,  Whitman,  and  Eldridge,  G.  11.,  U.  S.  Geol. 
Survey  Mon.  27,  pp.  38,  39,  252-254,  1896. 
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ology,  and  life  of  the  '* Monument  Creek  forma- 
tion," which  was  of  course  the  basis  for  the 
general  statement  by  Emmons.  Concerning 
the  stratigraphic  relations  Eldridge  said: 

The  Monument  Creek  formation  occurs  along  the 
southern  edge  of  the  Denver  field  in  the  steep  slopes  of 
a  high  mesa  and  also  stretches  from  its  base  prairieward 
in  thin  sheets.  The  floor  of  the  lake  in  which  the  Monu- 
ment Creek  was  deposited  was  more  or  less  irregular  from 
erosion  and  in  one  part  or  another  consisted  of  the  clays 
and  sandstones  of  the  Laramie,  Arapahoe,  or  Denver 
formations.  In  the  foothill  region  the  Monument  Creek 
lies  in  contact  with  the  Arapahoe;  between  Platte  River 
and  Cherry  Creek  a  few  hundred  feet  of  Denver  beds 
exist,  which  further  to  the  east  disappear.  North  and 
east  of  Coal  Creek,  on  the  eastern  edge  of  the  field,  both 
Denver  and  Arapahoe  are  wanting  and  the  Monument 
Creek  rests  directly  upon  the  clays  of  the  Laramie. 

Although  the  relations  between  the  Arapahoe 
and  Denver  and  the  "Monument  Creek''  were 
somewhat  obscure,  the  interpretation  natur- 
ally followed  that  the  latter  was  structurally 
above  the  former,  for  it  was  then  supposed 
that  the  lower  division  of  the  '^Monument 
Creek"  was  of  Miocene  age,  while  the  Arapahoe 
and  Denver  were  referred  to  the  Cretaceous. 

In  1902  W.  T.  Lee  "  discussed  at  some  length 
the  *'  Monument  Creek  group  "  of  Hay  den.  To 
the  lower  portion  (of  Emmons  and  others)  he 
applied  the  name  '^Monument  Creek  forma- 
tion" and  described  it  as  **  composed  of  con- 
glomerates, breccias,  sands,  and  clays  which 
alternate  and  intermingle  and  grade  into  each 
other  in  the  most  lawless  manner."  Continu- 
ing, Lee  said: 

Above  the  Monument  Creek  beds  lie  masses  of  rhyolitic 
tuff.  This  tuff  has  been  noted  by  Hayden  and  others.  It 
forms  more  or  le3s  of  a  sheet,  or  sheets  in  some  places,  while 
in  others  it  occurs  intermingled  with  sand,  gravel,  and 
clay.  ♦  *  *  Above  the  tuff  occurs  a  sheet  of  glassy 
rhyolite  about  25  feet  thick  which  forms  the  protecting 
cap  of  several  of  the  buttes  near  Castle  Rock. 

To  the  ^*  youngest  formation  in  the  Castle 
Rock  region"  Lee  gave  the  name  ''Castle  con- 
glomerate." This  was  the  ''Upper  Monument 
Creek"  of  Hayden  and  the  so-called  upper  divi- 
sion of  Emmons  and  others.  Concerning  it 
Lee  said: 

These  upper  beds  differ  in  character  from  those  of  the 
lower  division;  they  are  separated  from  it  by  volcanic  tuffs 
and  flows  of  rhyolite  and  by  an  unconformity  representing 
a  period  of  erosion,  as  shown  by  the  presence  in  it  of  the 
material  from  the  underlying  rhyolite.  It  is  therefore 
separate  and  distinct  from  the  lower  division. 


uThe  areal  geology  of  the  Castle  Rock  region,  Colo.:  Am.  Geologist, 
VOL  29,  pp,  1(8-103,  1902. 


Lee  did  not  procure  data  bearing  on  the  age 
of  the  divisions  of  the  ''Monument  Creek'' 
recognized  by  him,  but  three  years  later  N.  H. 
Darton"  obtained  additional  vertebrate  evi- 
dence as  regards  the  upper  division.  At  a 
number  of  localities  he  collected  remains  of 
Titanotherium  and  HyracodoUj  concerning  which 
he  wrote  as  follows : 

All  this  material  appears  to  have  been  obtained  from  the 
upper  beds  and  it  correlates  these  beds  with  the  Chadron 
formation  of  the  White  River  group,  or  Oligocene.  No 
evidence  was  obtained  as  to  the  age  of  the  lower  member. 
*  *  *  The  presence  of  the  unconformity  between  the 
upper  and  lower  members  suggests  that  the  latter  may  be 
of  Wasatch  or  Bridger  age.  The  nearest  locality  to  the 
Monument  Creek  area  at  which  Oligocene  deposits  occur 
in  eastern  Colorado  is  in  the  \'icinity  of  Akron  and  Fre- 
mont's Butte,  where  Titanotherium  remains  occur  in 
abundance. 

The  status  of  the  ''Monument  Creek"  prob- 
lem remained  as  above  indicated  until  1910-11, 
when  G.  B.  Richardson  began  a  study  of  this 
region  preparatory  to  the  preparation  of  a 
report  on  the  geology  of  the  Castle  Rock  quad- 
rangle, which  is  joined  by  the  Denver  Basin  on 
the  north  and  by  the  Colorado  Springs  quad- 
rangle on  the  south.  As  a  result  of  this  study 
Richardson  **  stated  that  he  found  it  necessary 
to  separate  the  "Monument  Creek  group '*  into 
two  formations  on  the  basis  of  a  well-marked 
unconformity  which  separates  beds  of  Eocene 
and  Oligocene  age.  The  lower  formation  was' 
named  the  Dawson  arkose  and  the  upper  one 
the  Castle  Rock  conglomerate*  According  to 
Richardson  the  stratigraphic  relations  indicate 
that  the  Arapahoe  and  Denver  formations  are 
equivalent  to  the  lower  part  of  the  Dawson 
arkose,  and  this  evidence  is  paleontologically 
supported. 

The  Castle  Rock  conglomerate  may  be  first 
considered.  This  formation  is  the  "Upper 
Monument  Creek"  of  Hayden  and  others,  the 
so-called  "upper  division  of  the  Monument 
Creek"  of  Emmons,  Eldridge,  Darton,  and 
others,  and  the  Castle  conglomerate  of  Lee  " 
It  occurs  in  the  south-central  part  of  the  Den- 
ver Basin,  where  it  crops  out  in  detached  areas 
on  the  divides  between  the  tributaries  of  South 
Platte  River  from  a  point  near  Elbert  to  the 
vicinity  of  Sedalia,  a  distance  of  about  40  miles. 

"  Age  of  the  Monument  Creek  formation:  Am.  Jour.  8rl.,  4th  ser.,  vol. 
20,  pp.  178-180,  1903. 

»  Ri?hardson,  0.  B.,  The  Monument  Creek  group:  Geol.  So?.  America 
Bull.,  vol.  23,  pp.  267-276.  1912. 
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It  is  thus  a  remnant  of  a  once  larger  formation 
that  has  been  reduced  by  erosion.  Concerning 
its  stratigraphdc  relations  Richardson  said : 

Everywhere  the  Castle  Rock  conglomerate  rests  on  an 
undulating  surface  of  the  underlying  Dawson  arkoee,  and 
there  is  an  abrupt  change  in  texture  of  the  material  from 
the  mediimi  or  fine  grained  arkose  of  the  upper  part  of  the 
Dawson  to  the  coarse  Castle  Rock  conglomerate. 

Richardson  procured  additional  vertebrate 
remains  from  the  Castle  Rock  conglomerate, 
which  were  identified  by  J.  W.  Gidley,  of  the 
United  States  National  Museum,  as  Titanothe- 
riutrij  and  the  correlation  of  these  beds  with  the 
Chadron  formation,  the  lower  formation  of  the 
Oligocene  White  River  group,  was  thus  con- 
firmed. 

More  interest  attaches  to  the  Dawson  ar- 
kose— that  is,  the  lower  division  of  the  ^'Mon- 
ument Creek  group'' — for  its  exact  age  had 
long  been  in  doubt.  It  has  a  maximum  thick- 
ness of  about  2,000  feet  on  the  west,  toward 
its  source  in  the  mountains,  and  is  thinner 
toward  the  east.  Its  appearance  was  de- 
scribed by  Richardson  as  follows: 

The  formation  is  a  complex  aggregate  of  varicolored  and 
varitextured  conglomerate,  sandstone,  shale,  and  clay,  de- 
rived from  the  rocks  of  the  Front  Range  and  deposited 
under  a  variety  of  continental  conditions.  They  are  me- 
dium to  coarse  textured  arkosic  grits,  composed  chiefly  of 
quartz  and  feldspar  derived  from  the  Pikes  Peak  granite 
and  associated  rocks.  ♦  ♦  *  Rhyolitic  rocks  ♦  *  * 
were  extravasated  on  an  uneven  surface  of  arkose  in  the 
extreme  upper  part  of  the  Dawson.  *  *  ♦  The  strati - 
graphic  relations  of  the  Dawson  arkose  to  the  Denver  and 
Arapahoe  formations  *  ♦  ♦  are  generally  concealed 
by  a  cover  of  Quaternary  deposits,  so  that  actual  conditions 
are  obscure.  It  is  not  claimed  for  the  recent  work  that 
final  correlations  have  been  established,  but  nevertheles 
previously  unsuspected  relationships  are  indicated. 

Approaching  the  geologically  mapped  part  of  the 
Denver  Basin  from  the  south,  where  detailed  work  had 
not  previously  been  done,  it  was  found  that  the  lower  part 
of  the  Dawson  arkose  seems  to  pass  along  the  strike  into 
the  Arapahoe  and  Denver  formations;  that  the  Dawson 
and  Arapahoe  can  not  be  separated  lithologically,  even  at 
the  type  locality  of  the  Arapahoe,  on  the  bluffs  of  Willow 
Creek;  and  that  the  Denver  and  Dawson  apparently  meige 
into  each  other,  or  interdigitate,  layers  of  arkose  typical  of 
the  Dawson  being  found  intercalated  in  andesitic  Denver 
material.  These  conditions  indicate  that  the  Arapahoe 
and  Denver  are  equivalent  to  the  lower  part  of  the  Dawson 
arkose.  The  marked  difference  in  lithology  between  the 
andesitic  Denver  and  the  arkosic  Dawson  may  be 
accounted  for  by  the  geographic  distribution  of  the  rocks 
which  supplied  the  sediments. 

The  paleontologic  support  of  the  age  deter- 
mination of  the  Dawson  arkose  consists  of  a 
number  of  collections  of  fossil  plants,  which 


are  pronounced  to  be  of  undoubt-ed  Denver 
age,  and  a  single  bone  of  a  manunal,  which  was 
identified  by  Gidley  as  that  of  a  creodont  and 
of  which  he  said :  '  ^From  our  present  knowledge 
of  the  creodonts  such  a  type  could  not  be  older 
than  Wasatch."  Although  no  dinosaurs  were 
found  by  Richardson  in  the  Dawson  arkose,  he 
referred  to  their  occurrence,  as  reported  by 
Marsh,  in  Monument  Pai'k,  8  miles  north  of 
Colorado  Springs,  in  beds  that  must  belong  to 
the  Dawson.  Ceratopsian  dinosaurs  have  been 
foimd  in  the  Arapahoe  and  Denver  formations, 
but  not  thus  far  in  the  Laramie  of  the  Denver 
Basin. 

In  1912,  however,  Lee  "  visited  the  locality 
where  the  creodont  bone  above  mentioned  was 
found  (Jimmy  Camp  Creek,  0  miles  east  of 
Colorado  Springs)  and  there  collected  the 
remains  of  turtles  and  of  dinosaurs.  The  tur- 
tles were  examined  by  0.  P.  Hay  and  the  dino- 
saiu's  by  C.  W.  Gihnore.  Mr.  Gilmore  reported 
on  these  bones  as  follows: 

The  collection  consists  of  fn^^mentary  ceratopsian  bones 
none  of  which  is  sufficiently  characteristic  to  determine  the 
genus  to  which  it  belongs,  and  one  ungual  phalanx  is 
doubtfully  regarded  as  bielonging  to  the  dinosaur  Tracko- 
don.  Two  small  shell  fragments  show  the  presence  of 
hard  and  soft  shell  turtles.  Of  these  Dr.  Hay  says:  ''The 
soft  shell  resembles  those  of  the  Lance  formation;  the  other 
resembles  those  of  the  Wasatch  but  is  too  fragmentary  to 
be  certain  of  its  affinities." 

In  commenting  on  the  above  statements  Lee 
wrote: 

We  have  then  at  this  locality,  near  Colorado  Springs, 
in  beds  that  lie  unconformably  on  the  Laramie,  a  flora 
that  correlates  these  beds  with  undoubted  Eocene  on 
the  one  hand,  and  on  the  other  with  the  Denver  and 
Arapahoe  formations;  a  mammal  of  a  type  not  known  here- 
tofore to  be  older  than  Wasatch;  a  turtle  whose  nearest 
known  allies  are  in  the  Wasatch  fauna;  another  that  , 
resembles  those  of  the  Lance  fauna;  and  dinosaurs  that 
have  been  somewhat  generally  regarded  as  indicative 
of  Cretaceous  age  but  which  occur  in  associations  that 
convince  some  geologists  that  they  are  Tertiary.  Con- 
sidering this  association  of  fossils  in  connection  with  the 
great  unconformity,  it  seems  wholly  irrational  longer  to 
regard  a  formation  as  Cretaceous  merely  because  it  contains 
dinosaurs. 

We  may  now  return  to  the  more  direct  con- 
sideration of  the  Laramie  of  the  Colorado 
Springs  region.  In  1908  M.  I.  Goldman" 
spent  some  months  in  the  investigation  of  the 

•'  Lee,  W.  T.,  Recent  discovery  of  dinosaurs  in  tlie  Tertiary:  Am. 
Jour.  Scl.,  4th  ser.,  vol.  35,  pp.  531-534, 1913. 

n  The  Colorado  Springs  coalfield,  Colo.:  XJ.  8.  Oeol.  Suivey  Bull  3S1, 
pp.  317-340, 1910. 
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coal  resources  of  this  area,  and  after  describing 
briefly  the  Pierre  shale  and  Fox  Hills  sandstone, 
he  wrote  as  follows  concerning  the  Laramie: 

Above  the  Fox  HIIIb  sandstone  lie  the  coal-beanng  rocks 
of  Laramie  age.  These  may  be  divided  into  two  mem- 
bers— a  lower  including  several  massive  sandstone  beds 
and  three  or  more  of  the  most  important  coal  beds  of  the 
field,  and  an  upper  composed  of  clay  shale,  sandy  shale, 
and  some  sandstone  with  poorly  developed  coal  beds. 

The  best  exposure  of  the  sandy,  coal-bearing  member  is 
in  Popes  Bluff,  where  the  base  of  the  formation  is  com- 
posed of  a  massive  sand/stone  from  40  to  100  feet  thick  but 
not  sharply  defined  from  the  underlying  Fox  Hill.  The 
upper  part  of  the  sandstone  member  of  the  Laramie  gives 
way  gradually,  toward  the  east,  to  shale  with  thin  beds  of 
calcareous  and  ferruginous  sandstone  about  250  feet  thick. 
In  the  western  part  of  the  field  the  sandy  member  is  about 
200  feet  thick. 

Owing  to  the  incompleteness  of  the  paleon- 
tologic  evidence,  mainly  that  of  fossil  plants, 
Goldman  did  not  make  definite  age  determina- 
tions for  the  rocks  above  the  Laramie,  which 
were  described  under  the  terms  *' conglom- 
erate,'' "  andesitic  material,"  and  ''  arkose,"  in 
ascending  order. 

In  some  parts  of  the  field  the  shaly  part  oi 
the  Laramie  is  overlain  by  a  conglomerate, 
which  has  a  maximimi  knovm  thickness  of 
about  30  feet.  "The  lithologic  similarity  of 
this  bed  to  some  parts  of  the  Arapahoe  forma- 
tion in  the  Denver  Basin  is  apparent." 

At  a  number  of  localities  the  conglomerate  is 
overlain  by  beds  of  andesitic  material,  ''which 
in  lithologic  composition  is  similar  to  the  Den- 
ver formation."  The  average  thickness  of  the 
beds  of  andesitic  material  is  about  125  feet. 

Beds  of  arkose  lie  unconformably  upon  the  andesitic 
material  and  overlap  the  coal-bearing  sandstone  in  the 
southeast  comer  of  sec.  6,  T.  13  S.,  R.  67  W.  The  arkose 
has  two  phases — (1)  coarse  arkose  near  the  mountains, 
some  sandstone,  and  clay  containing  coarse  quartz  grains; 
(2)  fine-grained,  very  micaceous  sandstone.  Both  phases 
are  very  irregularly  bedded,  and  most  of  the  lithologic 
units  are  of  small  horizontal  extent. 

The  greatest  thickness  of  arkose  measured 
was  300  to  400  feet  in  Corral  Bluffs,  but  the 
total  thickness  was  believed  to  be  still  greater. 

A  number  of  collections  of  fossil  plants  made 
in  the  immediate  Colorado  Springs  area  by 
A.  C.  Peale,  M.  I.  Goldman,  and  others  were 
submitted  to  me  fot-  study  at  this  time  (1908). 
This  material  was  not  well  preserved,  owing  to 
the  friable  nature  of  much  of  the  matrix,  and 
it  was  studied  with  difficulty.  With  the  ma- 
terial available  I  was  not  then  able  to  diflferen- 


tiate  the  three  formational  xmits — Laramie, 
Arapahoe,  and  Denver — that  were  theoretically 
inferred  to  be  present;  in  fact,  the  Laramie 
elements  appeared  to  preponderate  so  greatly 
that  I  was  inclined  to  refer  all  the  plant  collec- 
tions to  the  Laramie.  On  bringing  together 
in  a  single  list  all  the  forms  enumerated  in 
these  collections,  as  well  as  those  reported 
originally  by  Lesquereux  from  the  Gehrung 
mine  and  Franceville — both  in  the  acknowl- 
edged Laramie — ^it  was  found  that  a  total  of 
49  forms  were  represented.  Of  these  22  were 
not  specifically  determined,  leaving  27  named 
species,  most  of  which  were  known  outside  the 
Colorado  Springs  area.  On  analysis,  it  ap- 
peared that  19  of  these  forms  were  found  in 
Laramie  dr  older  beds,  but,  as  will  be  pointed 
out  later,  nearly  all  of  these  are  found  in  the 
lots  which  belong  to  the  Laramie  and  about 
which  there  is  no  question.  There  was  one 
lot,  however,  collected  high,  in  the  section  of 
the  bluffs  just  west  of  Temple  ton  Gap  that  as 
then  identified  did  much  to  influence  my  refer- 
ence of  these  beds  to  the  Laramie.  As  origi- 
nally listed  this  lot  contained  the  following 
forms: 

Sequoia  bre\dfolia  Heer. 
Sequoia  longifolia  Lesquereux. 
Dammara  sp.  cf.  D.  acicularis. 
Salix?  sp.,  fragment. 
Ficus  trinervis  Knowlton,  fragment. 
Rhamnus  salicifolius  Lesquereux. 
Cyperacites  sp. 
Viburnum?  sp. 
Carpi tes  sp.  (poor).  ' 

At  the  time  these  identifications  were  made 
the  ''Monument  Creek  group''  was  supposed 
to  be  of  Oligocene  age,  and  it  was  deemed 
absolutely  impossible  that  these  plant  remains 
could  be  of  this  age;  in  fact,  if  they  were 
correctly  identified  and  stood  alone,  there 
would  ordinarily  be  no  hesitation  in  referring 
them  to  the  Laramie,  which  I  did.  Since  that 
time,  however,  I  have  twice  visited  this  region 
and  collected  material  from  this  locaUty,  as 
well  as  from  neighboring  localities  of  similar 
stratigraphic  position,  and  I  have  also  collected 
material  and  studied  several  collections  made 
some  20  miles  or  more  to  the  east,  out  on  the 
plains,  with  the  result  that  I  have  acquired  a 
better  xmderstanding  of  the  forms  represented 
and  their  stratigraphic  relations. 

A  number  of  the  species  of  plants  from  the 
Pulpit  Rock  area  are  the  same  as  those  occur- 
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ring  at  Black  Buttes,  Wyo.,  in  beds  which  were 
then  supposed  to  be  in  the  Laramie  but  which 
in  my  opinion  subsequent  work  has  shown 
pretty  conclusively  to  be  of  post-Laramie  age. 
This  naturally  makes  a  difference  in  the  weight 
given  to  Laramie  position.  Furthermore,  as 
already  stated,  much  of  the  material  from 
Pulpit  Rock  and  vicinity  is  very  fragmentary 
and  difficult  to  identify  satisfactorily,  but  in 
the  light  of  the  material  obtained  farther  east 
it  becomes  clearer,  and  this  has  permitted 
certain  revisions  of  earlier  determinations. 
Below  are  the  lists  from  Templeton  Gap  and 
vicinity;  the  first  one  is  a  revision  of  the  one 
given  above: 

Bluffs  west  of  Templeton  Gap: 

Sequoia  obovata?  Knowlton  ined. 

Sequoia  acuminata  Lesquereux. 

Dammara  sp. 

Cyperacites  sp. 

Salix  sp. 

Ficus  trinervis  Knowlton. 

RhamnuB  salicifolius  Lesquereux. 

Carpi tes  sp.  (Palmocarpon?). 
Palmer's  ranch,  Templeton  Gap,  4  miles  northeast 
of  Colorado  Springs: 

Carpi  tes  sp. 

Sequoia  sp.? 
Palmer's  ranch,  half  a  mile  farther  west: 

Rhamnus  salicifolius?  Lesquereux. 

Platanus?  sp. 

Viburnum  sp.,  probably  new. 

These  lots  may  be  considered  together.  Of 
the  four  named  species,  two  {Sequoia  dcumi- 
nata  and  Ficus  trinervis)  were  described 
originally  from  specimens  obtained  at  Black 
Buttes,  Wyo.;  the  other  two  are  survivals  from 
the  Laramie  or  older.  Of  these  the  Rhamnus 
is  well  known  as  crossing  the  line  between 
Cretaceous  and  Tertiary,  but  the  Sequoia  had 
not  previously  been  recognized  as  doing  this. 
The  Sequoia^  however,  is  represented  only  by 
a  single  rather  poorly  preserved  branchlet  and 
may  not  be  correctly  determined.  The  Dam- 
mara is  apparently  an  undescribed  form;  it  is 
Cretaceous  in  type,  though  the  genus  is  still 
living. 

The  several  localities  above  mentioned  as 
lying  out  on  the  plains  to  the  east  and  north- 
east of  Colorado  Springs  may  now  be  con- 
sidered. It  is  a  well-known  fact  that  the 
Laramie,  as  well  as  certain  overlying  beds, 
stands  at  acute  angles  in  many  places  near  the 
mountains,  but  within  a  few  miles  the  dips 
rapidly  diminish  and  the  beds  become  nearly 


horizontal.  The  country  becomes  grass  covered, 
rock  exposures  are  few  and  far  between,  and 
sections  showing  the  contacts  of  the  forma- 
tional  units  are  still  fewer.  It  is  especially 
difficult  to  establish  satisfactorily  the  line 
between  the  Laramie  and  the  overlying  beds 
in  this  plains  region,  and  recourse  must  be  had 
to  paleontology  in  the  allocation  of  the  more 
or  less  isolated  localities. 

A  number  of  plant  collections  have  been 
made  at  these  imcertain  points  in  the  section. 
According  to  Richardson,  by  whom  most  of 
these  collections  were  made,  the  plant-bearing 
beds  are  1,000  feet  or  more,  as  determined  by 
drill  records,  above  the  Fox  Hills,  and  be- 
tween 20  and  150  feet  below  a  bed  of  conglom- 
erate that  marks  the  base  of  a  thick  deposit 
of  coarse-grained  light-colored  arkose  which 
is  lithologically  quite  distinct  from  the 
underlying  fine-grained  drab  and  buff-colored 
plant-bearing  sandstones  and  shales  resem- 
bling the  typical  Laramie.  It  is  suggested  by 
Richardson,  on  stratigraphic  grounds,  as  a 
possibility  worth  considering  that  these  leaves 
come  from  a  horizon  high  in  the  Laramie, 
approximately  equivalent  to  the  Scran  ton  coal 
zone  15  miles  east  of  Denver,  from  which  few 
leaves  have  heretofore  been  collected. 

Below  are  the  lists  of  plants  from  the  locali- 
ties mentioned : 

Near  Moeby;  Colo.,  30  feet  above  coal: 

Flabellaria?  sp.,  fragmentary. 

Pteris  undulata  Lesquereux. 

Anemia. 

Equisetum  sp. 

Ficus  denveriana?  Cockerell. 

LauruB  socialis  Lesquereux. 

Laurus  wardiana?  Knowlton. 

Viburnum  marginatum?  Lesquereux. 

Sapindus  sp. 
One-fourth  mile  east  of  Purdon's  mine,  Colo.: 

Platanus  haydenii  Newberry. 

Nelumbo?  new,  fine. 

Hederasp.,  new,  fine. 

Populus  nebrascensis  Newberry. 

Ficus  sp.? 

Sapindus  sp.? 
Red  Hill,  4  miles  south  of  Ramah,  Colo.: 

Platanus  raynoldsii  Newberry. 

Vitis  olriki  Heer. 

Cissus  lobato-crenata  Lesquereux. 

Myrica?  sp.? 
NW.  }  sec.  30,  T.  9  S.,  R.  60  W.,  50  feet  below 
conglomerate: 

Platanus  sp.  cf.  P.  haydenii? 

Platanus  rhomboidea  Lesquereux, 

Populus  sp.? 
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2i  miles  southwest  of. Norton,  Colo.: 

PUtanus  sp. 

FicuB  denveriana  Cockerell. 

PopuluB  sp. 

Hicoria  antiquora?  (Newberry)  Hollick. 

Palm  rays,  gen.? 

Salix  angusta?  Alex.  Braun. 

Ficus  denveriana  Cockerell. 

Populus  sp.? 

Magnolia? 

Laurus?  sp.,  fragments. 

Fraxinus  eocenica  Lesquereux. 
Half  a  mile  southeast  of  Ramah  oil  prospect,  Colo. : 

Lygodium  kaulfusii  Heer. 

Anemia  lanceolata  Knowlton. 

Myrica  like  M.  torreyi,  but  without  teeth. 

Ficus  sp.  cf .  F.  denveriana  Cockerell.. 

Laiurus  sp. 

Populus  sp.  cf.  P.  nebrascensis  Newberry. 

On  bringing  the  named  forms  together  we 
have  the  following  list : 


Pteris  undulata. 
Lygodium  l&ulfusii. 
Anemia. 

Hicoria  antiquora? 
Salix  angusta? 
Populus  nebrascensis. 
Ficus  planicostata. 
Ficus  denveriana. 
Platanus  haydenii. 


Platanus  raynoldsii. 
Platanus  rhomboidea. 
Vitis  olriki. 
Cissus  lobato-crenata. 
Laurus  socialis. 
Laurus  wardiana? 
Magnolia? 
Fraxinus  eocenica? 
Viburnum  marginatum. 


As  this  list  stands  y  and  on  the  assumption 
that  the  determinations  have  been  correctly 
made,  no  one  familiar  with  the  several  floras 
of  the  Denver  Basin  would  hesitate,  I  think, 
to  pronounce  this  a  distinctly  post-Laramie 
flora.  If  we  eliminate  the  six  species  of  which 
the  identification  is  questioned  and  confine 
attention  to  positively  determined  forms,  it 
follows  that  only  two  species  from  this  list — 
FiciLS  planicostata  and  F.  denveriana — ^have 
been  admitted  into  the  Laramie  flora  as  set 
forth  in  the  present  work.  As  may  be  seen 
by  consulting  the  description  (p.  131),  Ficus 
planicostata  is  a  wide-ranging  form  that  oc- 
curs in  the  Montana,  Laramie,  Wilcox,  and 
Denver  formations  and  the  beds  at  Black 
Buttes,  Wyo.,  while  F.  denveriana  (see  p.  138) 
is  essentially  a  Denver  species,  and  the  evi- 
dence of  its  presence  in  the  Laramie  consists 
of  a  single  more  or  less  imperfect  leaf  from 
Popes  Bluff,  near  Colorado  Springs,  the  iden- 
tification of  which  is  properly  questioned. 

A  further  analysis  might  be  made  of  the 
forms  not  specifically  named  in  the  above 
lists;  but  this  is  not  deemed  necessary,  as  it 
can  be  confidently  asserted  that  their  aflSni- 


ties  undoubtedly  lie  with  post-Laramie  rather 
than  with  Laramie  species. 

It  will  thus  be  seen  that,  as  now  under- 
stood, the  plants  do  not  lend  support  to  the 
suggestion  that  these  beds  are  of  Laramie 
age,  and  they  have  not  been  included  in  the 
present  work.  If  it  should  ultimately  be 
shown  that  these  horizons  are  really  in  the 
upper  part  of  the  Laramie  and  not  in  post- 
Laramie  beds,  such  a  result  would  help  to 
break  down  the  marked  distinction  now  be- 
lieved to  exist  between  the  flora  of  the  Lara- 
mie and  that  of  overlying  beds,  but  this  is  a 
contingency  which  the  writer  is  not  now  pre- 
pared to  recognize.** 

LAKCiB  FOBICATION. 

The  age  and  proper  allocation  of  what  is 
now  very  generally  known  as  the  Lance 
formation  has  been  one  of  the  most  active 
of  the  storm  centers  about  which  the  Laramie 
controversy  has  been  waged.  As  viewed  in 
retrospect,  it  appears  that  much  of  the  dis- 
cordance that  arose  was  due  to  the  varying 
weight  attached  to  the  several  available  kinds 
of  paleontologic  criteria,  as  will  be  made 
plain  in  the  following  exposition. 

The  most  marked  or  conspicuous  paleonto- 
logic (Characteristic  of  the  Lance  formation  is 
undoubtedly  the  presence  of  the  huge  dino- 
saurian  reptiles  that  have  been  found  in  it  at 
so  many  localities,  and  it  is  beyond  question 
that  this  characteristic  did  much  to  direct  and 
stimulate  investigation  of  the  formation,  which 
might  otherwise  have  been  long  delayed. 

The  first  collection  of  remains  of  the  group 
of  homed  dinosaurs  known  as  the  Ceratopsia 
was  made  by  F.  V.  Hayden  in  the  vicinity  of 
Judith  River,  Mont.,  about  1855,  but  the  dis- 
tinctive characters  of  the  group  were  not  dis- 
covered until  more  than  30  years  later.  The 
material  collected  by  Hayden,  consisting  of 
isolated  teeth,  was  described  by  Joseph  Leidy, 
who  tentatively  regarded  it  as  of  Jurassic 
(Wealden)  age.  A  fuller  discussion  of  the 
Judith  River  problem  will  be  found  on  page  77. 

The  next  in  order  of  discovery  was  the  cele- 
brated Agathaunuis  sylvestris  Cope,  found  in 

• 

n  Since  the  foregoing  pages  were  written  it  bas  been  demonstrated 
by  Lee  that  the  Scranton  coal  and  the  beds  at  a  number  of  localities  on 
Sand  Creek  and  Coal  Creek,  east  of  Denver,  are  of  post-Laramie  age. 
This  determination  has  an  important  bearing  on  the  age  of  the  beds 
east  of  Colorado  Springs  mentioned  in  this  chapter.  The  discovery 
made  by  Lee  is  explained  on  page  103. 
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1872  at  Black  Buttes,  Wyo.,  by  F.  B.  Meek, 
and  later  in  the  same  year  collected  by  Cope 
himself.  (See  p.  8.)  In  the  following  year 
Cope  •"  f  omid  the  remains  of  what  is  now  known 
to  be  a  member  of  this  group  at  some  uniden- 
tified locaUty  in  Colorado,  and  in  1876  he  un- 
dertook the  exploration  of  the  Judith  River 
region,  describing  a  number  of  remains  that 
from  their  fragmentary  nature  he  was  not  able 
to  allocate  imtil  the  group  had  been  made  better 
known  from  the  studies  of  O.  C.  Marsh. 

As  already  mentioned  (p.  16),  the  remains 
of  homed  dinosaurs,  although  not  at  first  so 
recognized,  were  found  b}*"  Lakes,  Cross,  El- 
dridge.  Cannon,  and  others  in  the  post-Lara- 
mie  beds  of  the  Denver  Basin  of  Colorado 
during  the  period  extending  from  1881  to  about 

1887.  These  were  described  in  part  by  Marsh. 
In  the  summer  of  1888  J.  B.  Hatcher,  then 
assistant  to  Marsh,  found  the  poorly  preserved 
remains  of  a  dinosaurian  in  Wyoming  just 
north  of  the  Seminoe  Mountains,  on  the  west 
side  of  North  Platte  River  about  40  miles 
below  Fort  Steele. 

The  above  brief  account  completes  the  list 
of  discoveries  of  remains  of  the  Ceratopsia  that 
fall  within  the  present  discussion  prior  to  the 
finding  of  the  celebrated  deposits  in  Converse 
County,  Wyo.  These  deposits  were  made 
known  late  in  the  fall  of  1888,  when  a  single 
horn  core  was  brought  to  the  attention  of  Mr. 
Hatcher  by  a  resident  of  the  region.  This  dis- 
covery was  considered  so  important  by  Marsh 
that  Hatcher  was  directed  to  return  to  the 
region  at  the  earliest  moment,  which  was  in 
January,  1889,  and  from  this  time  until  1895 
Hatcher  was  almost  continuously  employed  in 
exploring  and  collecting  from  these  rich  de- 
posits. The  material  he  obtained,  which  was 
very  extensive  and  varied,  furnished  the  basis 
for  a  series  of  important  papers  by  Marsh. 

Before  proceeding  to  the  discussion  of  the 
Converse  County  area  and  its  bearing  on  the 
question  under  consideration,  it  may  be  well 
to  point  out  that  the  family  Ceratopsidae, 
which  has  become  so  important  in  this  connec- 
tion, was  established  by  Marsh  •*  in  December, 

1888.  The  exact  locality  that  yielded  the 
specimen  on  which  this  family  was  based  was 

••  Cope,  E.  D.,  Report  on  the  vertebrate  paleontology  of  Colorado: 
U.  S.  Geol.  and  Qeog.  Survey  Terr.  Ann.  Kept,  for  1873,  p.  429, 1874. 

n  Marsh,  O.  C,  A  new  family  of  horned  Dlnosauria,  from  the  Creta- 
ceous: Am.  Jour.  Sd.,  3d  ser.,  vol.  36,  p.  478, 1888. 


not  recorded  by  Marsh,  who  said  it  "was  found 
in  place,  in  Laramie  deposits  of  the  Cretaceous, 
in  Montana, "  and  added  in  the  next  paragraph: 
''Remains  of  the  same  reptile,  or  one  nearly 
allied,  had  previously  been  found  in  Colorado, 
in  deposits  of  about  the  same  age.''  Accord- 
ing to  Hatcher  •'  the  beds  of  the  Montana 
locality  were  near  the  top  of  the  Judith  River 
formation  on  Cow  Creek,  10  miles  above  its 
confluence  with  the  Missouri.  The  Colorado 
specimen  referred  to  came  from  the  Arapahoe 
formation  of  the  Denver  Basin."* 

Marsh's  first  paper  •*  dealing  with  what  is 
now  known  to  be  the  Converse  County  material 
was  published  in  April,  1889,  and  describes 
^ome  Jurassic  forms  and  a  smgle  specimen 
from  this  region.  This  was  named  Ceratops 
Junridus,  and  in  August  of  the  same  year  it 
was  made  the  type  of  the  genus  Triceratops.^ 
Incidentally  it  may  be  mentioned  that  this 
genus  was  based  in  part  on  the  horn  core  first 
known  from  these  beds  as  noted  by  Hatcher. 
In  neither  of  these  papers  is  there  mention  of 
the  locality  beyond  the  statement  that  the 
remains  came  from  ''the  Laramie  formation 
of  Wyoming. " 

In  December,  1889,  a  third  paper  by  Marsh  •• 
was  published,  in  which,  in  addition  to  describ- 
ing the  skull  more  in  detail,  he  gave  the  follow- 
ing brief  statement  on  the  geologic  occurrence 
of  the  Ceratopsidae: 

The  geological  horizon  of  theee  strange  reptiles  is  a 
distinct  one  in  the  upper  Cretaceous  and  has  now  been 
traced  nearly  800  miles  along  the  eastern  flank  of  the 
Rocky  Mountains.  It  is  marked  almost  everywhere  by 
remains  of  these  reptiles,  and  hence  the  strata  containing 
them  may  be  called  the  Ceratops  beds.  They  are  fresh- 
water or  brackish  deposits,  which  form  a  part  of  the  so- 
called  lAramie  but  are  below  the  uppermost  beds  referred 
to  that  group.  In  some  places,  at  least,  they  rest  upon 
marine  beds  which  contain  invertebrate  fossils  character- 
istic of  the  Fox  Hills  deposits. 

In  commenting  on  this  statement  a  few 
years  later,  Cross  "^  said: 

•>  Hatcher,  J.  B.,  The  Ceratopsia:  U.  S.  Geol.  Survey  Mon.  49,  p.  101, 
1907. 

•■  Cross,  Whitman,  Geology  of  the  Denver  Basin  of  Colorado:  U.  S. 
Geol.  Survey  Mon.  27,  p.  230, 1896. 

M  Marsh,  O.  C,  Notice  of  new  American  Dlnosauria:  Am.  Jour.  Sci., 
3d  ser.,  vol.  37,  p.  331, 1889. 

M  Marsh,  O.  C,  Notice  of  gigantic  horned  Dlnosauria  from' the  Creta- 
ceous: Am.  Jour.  Sci.,  3d  ser.,  vol.  38,  p.  173, 1889. 

M  Marsh,  O.  C,  The  skull  of  the  gigantic  Ceratopsidae:  Am.  Jour.  Sci., 
3d  ser.,  vol.  38,  pp.  501-506,  1889. 

•7  Cross,  Whitman,  Geology  of  the  Denver  Basin  of  Colwado:  U.  S. 
Geol.  Survey  Mon.  27,  p.  231, 1896. 
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The  statement  that  *'a  distinct  horizon''  has  been 
"traced  nearly  800  miles"  and  that  "it  is  marked  every- 
where *'  by  certain  fossils  would  imply  either  that  actual 
continuity  had  been  proved  or  that  the  stratigraphic 
position  of  the  fossil-bearing  strata  had  been  found  to  be 
clearly  the  same  at  numerous  localities  not  far  apart. 
But  when  Prof.  Marsh  made  the  above  assertion  the 
Denver  segion  was  the  only  one  in  which  the  position  of 
the  Cerafop^-bearing  beds  had  been  established  in  complete 
sections,  and  here  they  were  found  to  be  separated  from 
the  typical  Laramie  below  them  by  a  great  stratigraphic 
break.  Moreover,  none  of  the  described  fossils  was  found 
east  of  the  mountains  between  the  Denver  Basin  and 
Converse  County,  Wyo.,  a  distance  of  200  miles.  As  far, 
then,  as  the  new  fossils  themselves  are  concerned,  they 
prove  either  a  great  extension  of  the  Arapahoe  and  Denver 
(poet-Laramie  of  this  report),  or  a  distribution  of  the  foesUs 
in  question  beyond  the  limits  of  what  may  be  properly 
termed  one  formation  or  horizon. 

In  the  following  paragraph  Cross  added: 

In  the  original  description  by  Prof.  Marsh  the  fossils 
were  said  to  have  been  obtained  in  "the  Laramie  of 
Wyoming"  or  "the  Ceratops  beds  of  Wyoming."  It  is 
important  to  emphasize  the  fact  that  not  one  of  the  de- 
scribed species  came  from  the  typical  Laramie  strata  of 
southern  Wyoming  or  from  their  demonstrated  equivalent. 

In  succeeding  years  Marsh**  continued  to 
publish  short  papers  on  the  Converse  County 
material,  but  without  a  definite  indication  of 
locality,  the  only  statement  being  that  the 
fossils  were  ''from  the  Laramie''  or  ''from  the 
Ceraiops  beds  of  Wyoming."  In  February, 
1893,  however.  Hatcher"*  published  a  short 
paper,  in  which,  for  the  first  time,  complete 
and  definite  information  was  given  as  to  the 
locality  at  which  this  wonderful  vertebrate 
fauna  had  been  found,  as  well  as  a  description 
of  the  lithologic  character  and  stratigraphic 
occurrence  of  the  beds  containing  it,  and  also 
the  reasons  for  regarding  the  horizon  as  refer- 
able to  the  true  Laramie. 

The  typical  area  for  the  "  Ceratops  beds,'' 
which  have  since  become  classic,  was  stated  to 
be  in  the  northeastern  portion  of  Converse 
Coimty,  now  included  in  Niobrara  Coimty, 
which  lies  on  the  eastern  border  of  Wyoming. 
These  beds  were  also  foimd  in  adjacent  portions 
of  Weston  County.  In  his  description  of  the 
deposits  Hatcher  said : 

■  Marsh,  O.  C,  Additiooal  characters  of  the  Ceratopsldae,  with  notice 
or  new  Cretaceous  dinosaurs:  Am.  Jour.  Scl.,  3d  ser.,  vol.  99,  p.  418, 
1890;  The  gigantic  Ceratopsidae,  or  homed  dinosaurs  of  North  America: 
Idem,  vol.  41,  p.  167, 1891. 

••  Hatcher,  J.  B.,  The  Ceratopt  beds  of  Converse  County,  Wyo.:  Am. 
Jour.  Sd.,  3d  ser.,  vol.  45,  pp.  135-144, 1893. 


The  Ceratops  beds  are  made  up  of  alternating  sandBtones, 
shales,  and  lignites,  with  occasional  local  deposits  of  lime- 
stones and  marls.  The  different  strata  of  the  series  are 
not  always  continuous,  a  stratum  of  sandstone  giving  place 
to  one  of  shales,  and  vice  versa.  This  is  generally  true  of 
the  upper  two  thirds  of  the  beds.  *  *  *  The  shales 
are  quite  soft  and  loosely  compacted,  composed  mostly 
of  clay  with  more  or  less  sand  in  places.  The  prevailing 
color  is  dark  brown,  but  they  are  sometimes  red  or  bluish. 
«  *  «  rpj^Q  lignites  occur  in  thin  seams,  never  more 
than  a  few  inches  thick,  of  only  limited  extent,  and  with 
many  impurities.  *  ♦  ♦  All  the  deposits  of  the '  *  Cera- 
tops beds"  of  this  region  bear  evidence  of  having  been 
laid  down  in  fresh  waters.  Among  the  invertebrate 
fosBils  found  in  them,  only  fresh-water  forms  are  known. 
There  is  no  evidence  that  marine  or  brackish  waters  have 
ever  had  access  to  this  region  since  the  recession  of  the 
former  at  the  close  of  the  Fox  Ilills  period. 

As  regards  the  stratigiaphic  position  of  the 
''  Ceratops  beds,"  Hatcher  stated  that  the 
lowest  exposed  member  of  the  sectioli  was 
identified  by  its  numerous  invertebrates  as 
Pierre.  Overlying  this  was  an  alternating 
series  of  sandstones  and  shales  having  an  esti- 
mated thickness  of  500  feet  and  containing, 
especially  in  the  upper  portion,  an  abundant  ; 
invertebrate  fauna  pronounced  to  be  ty])ically 
Fox  Ilills.  Above  this  series  came  the  *'  Cera- 
tops beds,''  which  had  an  estimated  thickness 
of  3,000  feet.    He  added: 

All  the  beds  of  the  entire  section  are  conformable  and 
bear  evidence  of  a  continuous  deposition,  from  the  Fort 
Pierre  shales  up  through  the  Fox  Hills  sandstones  and 
overlying  fresh-water  Ceratops  beds.  The  Fort  Pierre 
shales  are  not  suddenly  replaced  by  the  Fox  Hills  sand- 
stones, but  the  transition  is  a  gradual  one,  and  it  is  impos- 
sible to  say  just  where  the  one  ends  and  the  other  begins. 
The  same  is  true  of  the  beds  overlying  the  Fox  Hills^  The 
thin  seam  of  hard  sandstone,  separating  the  fossil-bearing 
Fox  Hills  sandstones  below  from  the  very  similar  non- 
fossiliferous  sandstone  above,  is  here  regarded  as  the 
dividing  line  between  the  Fox  Hills  and  the  Ceratops 
beds.  But  this  decision,  it  must  be  admitted,  is  quite 
arbitrary,  and  the  evidence  in  its  favor  is  negative  rather 
than  positive.  The  only  reason  for  placing  the  overlying 
400  feet  of  nonfossiliferous  sandstones  in  the  fresh-water 
series  is  the  absence  of  fossils  in  them. 

In  discussing  the  age  of  the  "  Ceratops  beds" 
Hatcher  said : 

Owing  to  the  fact  that  very  few  vertebrates  had  pre- 
viously been  described  from  Uie  typical  Laramie,  as  fint 
defined  by  Mr.  Clarence  King,  and  the  consequent  lack  of 
vertebrate  forms  known  to  have  come  from  the  Laramie 
for  comparison  with  those  found  in  the  Ceratops  beds,  it 
must  be  admitted  that  the  vertebrate  fauna  of  the  latter  is, 
in  itself,  at  present  not  sufficient  proof  to  establish  the 
Laramie  age  of  the  Ceratops  beds. 
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Hatcher  concluded,  however,  that  the  ^^  Cera- 
tops  beds"  should  be  referred  to  the  Laramie 
for  the  following  reasons : 

1.  They  conformably  overlie  the  Fox  Ilills  sandatonee 
and  contain  both  a  reptilian  and  a  mammal  fanna,  with 
decided  Mesozoic  affinities.    *    «    * 

2.  They  contain  an  invertebrate  fauna  comprising  many 
forms  identical  with  those  already  described  from  the 
typical  Laramie,  some  of  which  are  unknown  except  in 
the  Laramie. 

3.  They  immediately  and  conformably  overlie  the  Fox 
Hills  and  show  evidence  of  a  continuous  deposition 
through  both  series. 

In  1896  Hatcher  *  published  another  paper 
dealmg  with  the  Converse  County  area,  in 
which  he  criticized  in  the  severest  manner 
Marsh's  statement  that  the  *^  Ceratops  beds'* 
had  been  traced  some  800  miles  along  the  east- 
ern fl^nk  of  the  Rocky  Mountains.  Hatcher 
slu)wed  that,  with  the  exception  of  a  single 
specimen  from  a  doubtful  locality,  all  the 
material  studied  bv  Marsh  had  been  found  in 
the  Denver  Basin,  in  Converse  County,  or  in 
the  Judith  River  area.  '  He  said: 

The3e  are  very  widely  separated  localities,  and  no 
attempt  has  ever  been  made  to  trace  the  continuity  of  the 
strata  from  one  to  the  other,  nor  is  it  at  all  probable  that 
such  an  attempt  would  meet  with  success. 

Hatcher  also  questioned  Marsh's  statements 
that  the  '*  CeraJtops  beds"  are  below  the  upper- 
most beds  referred  to  the  Larailiie  and  that 
they  rest  on  marine  beds  which  contain  in- 
vertebrate fossils  characteristic  of  the  Fox 
Hills  deposits.  Although  his  comments  were 
somewhat  at  v^ance  with  his  former  state- 
ment. Hatcher  continued  as  follows: 

At  no  place  in  the  Converse  County  region  do  the  true 
Ceratops  beds,  with  the  remains  of  homed  dinosaurs,  rest 
upon  true  marine  Fojc  Hills  sediments;  nor  are  the  Ceratops 
beds  in  this  region  overlain  by  strata  which  could  be  re- 
ferred without  doubt  to  the  Laramie.  The  writer  has,  in  a 
paper  published  in  the  American  Journal  of  Science  of 
February.  1893,  stated  that  the  Ceratops  beds  rest  directly 
upon  the  Fox  Hills  series  and  has  provisionally  referred 
the  very  similar  series  of  sandstones  and  shales  conform- 
ably overlying  the  Ceratops  beds  to  the  upper  Laramie;  but 
it  would  doubtless  be  better  to  restrict  the  limits  of  the 
Ceratops  beds  to  those  strata  in  which  horned  dinosaurs 
occur,  and  to  consider  the  underljdng  400  feet  of  barren 
sandstones  as  the  equivalent  of  the  Judith  River  beds. 
Future  investigations  will  doubtless  show  that  the  sand- 
stones, shales,  and  lignites  overlying  the  typical  Ceratops 
beds  in  Converse  County  should  be  referred  to  the  Fort 
Union  beds  and  not  to  the  Laramie,  as,  according  to  Knowl- 
ton,  the  limited  flora  sent  him  now  indicates. 


In  1896  T.  W.  Stanton  and  I  *  spent  several 
weeks  in  Converse  County  and  also  visited 
numerous  localities  in  Colorado,  Wyoming,  and 
Utah,  in  a  study  whose  object  was  stated  as 
follows: 

As  many  of  the  supposed  typical  Laramie  localities  had 
been  visited  and  studied  by  the  various  investigators 
some  years  ago,  before  the  recognition  of  the  Arapahoe, 
Denver,  and  Livingston  formations,  it  became  a  matter  of 
interest  and  importance  to  revisit  these  places  and  ascer- 
tain, if  possible,  the  bearing  of  the  new  data  on  the  ques- 
tions of  their  distribution,  life,  etc. 

In  the  discussion  of  the  Converse  County 
area  in  this  paper  several  sections  were  given 
showing  especially  the  Fox  Hills  and  overlying 
''  Ceratops  beds/'  No  fossils  of  any  kind  were 
detected  in  the  400  feet  of  sandstones  men- 
tioned by  Hatcher  as  occurring  above  the 
highest  Fox  Hills  horizon,  but  just  above  these 
sandstones,  in  the  basal  portion  of  the  ^^Ceraiops 
beds,  '^  though  apparently  below  any  remains  of 
dinosaurs,  a  few  brackish-water  invertebrates 
were  detected.  Particular  attention  was  de- 
voted to  the  '^  Ceratops  beds,'*  and  numerous 
collections  of  invertebrates  and  plants  were 
listed. 

Regarding  the  interpretation  of  the  inverte- 
brate fauna,  the  following  statement  was  made: 

Of  the  18  identified  species  in  the  above  list  just  half 
occur  at  Black  Buttes,  Wyo.,  in  or  very  near  the  bed  that 
has  yielded  the  saurian  Agathaumas  sylvestris  Cope.  The 
large  proportion  of  identical  forms  and  the  general  resem- 
blance of  the  entire  faunas,  especially  in  the  large  niunber 
and  great  differentiation  of  species  of  Unioy  makes  it 
reasonably  certain  that  the  Converse  County  and  Black 
Buttes  beds  are  on  nearly  the  same  horizon.  The  evidence 
of  the  vertebrate  fossils  seems  to  trend  in  the  same  direc- 
tion. It  will  be  shown  later  that  the  Black  Buttes  bed 
should  be  regarded  as  true  Laramie,  and  consequently 
the  series  now  under  consideration  is  placed  in  the  same 
category. 

The  plants,  of  which  25  forms  were  listed, 
were  compared  with  the  floras  of  various 
localities  then  supposed  to  be  of  Laramie  age, 
and  the  conclusion  was  reached  that  ^^as 
nearly  as  can  be  made  out,  the  plants  confirm 
the  Laramie  age  of  the  Cerafofts  beds." 

From  the  beds  conformably  overlying  the 
highest  dinosaur-bearing  stratum  18  species  of 
plants  were  obtained,  and  of  the  10  named 
species   9   proved   to   be   typical   Fort   Union 


1  Hatcher.  J.  B.,  Some  localities  for  Laramie  mammab  and  horned 
dinosaurs:  Am.  Naturalist.,  vol.  30,  pp.  112-120, 1896. 


s  Stanton,  T.  W.,  and  Knowlton,  F.  H.,  Stratigraphy  and  paleontology 
of  the  Laramie  and  related  formations  in  Wyoming:  Geol.  Soc.  America 
Bull.,  vol.  8,  pp.  127-136,  1907. 
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forms,  and  hence  these  beds  were  regarded  as 
of  Fort  Union  age. 

For  more  than  a  decade  after  the  studies 
resulting  in  the  last-mentioned  paper  little  or 
no  active  geologic  work  was  ^done  in  the 
Converse  County  area,  though  the  collecting 
of  the  remains  of  huge  dinosaurs  was  continued 
from  time  to  time  by  several  persons.  In  the 
meantime,  however,  it  had  become  known  that 
the  ceratopsian  dinosaurs  that  were  so  abund- 
ant" and  characteristic  in  the  Converse  County 
region  were  by  no  means  confined  to  that  area. 
In  1907  BaiTium  Brown,  of  the  American 
Museum  of  Natural  History,  published  a  short 
paper'  in  which  he  recorded  their  abundant 
presence  ut  many  localities  in  Montana.  This 
discovery  was  made  in  1901  by  William  T. 
Homaday,  director  of  the  Bronx  Zoological 
Garden,  New  York,  while  hunting  in  the  bad- 
lands along  Missouri  River  north  of  Miles  City^. 
Here  Dr.  Hornaday  found  a  number  of  large 
bones,  one  of  which  was  brought  homo  and 
proved  to  be  the  tip  of  a  horn  of  the  large 
dinosaur  Triceratops.  From  1902  to  1906 
Broun  was  engaged  in  exploring  and  coUect'- 
ing  in  Montana.  The  principal  locality  was 
in  the  vicinity  of  Hell  Creek,  a  small  stream 
entering  the  Missouri  about  155  nules  northwest 
of  Miles  City,  but  the  same  dinosaur-bearing 
beds  were  found  on  Yellowstone  River  at 
Castle  Butte,  near  Forsyth,  at  Glendive,  at 
Kkalaka,  and  at  Hocket  post  office,  from 
which  they  were  thought  (and  have  since  been 
proved)  to  be  continuous  with  similar  dinosaui - 
bearing  beds  on  the  little  Missouri  and  near 
Grand  and  Moreau  rivers  in  South  Dakota. 

The  dinosaur-bearing  beds  on  Hell  Creek, 
named  the  '*Hell  Creek  beds"  by  Brown,  are 
described  as  resting  unconformably  on  f*ox 
Hills  beds  of  varying  thickness,  while  above 
and  representing  an  uninterrupted  continua- 
tion of  them  is  a  lignite  series  referred  with 
question  to  the  Fort  Union.  Above  this  series 
is  the  unquestioned  Fort  Union  with  a  char- 
acteristic flora.  Tn  discussing  the  correlation 
and  age  of  the  '' Hell  Creek  beds"  Brown  wrote 
as  follows: 

Lithologically  the  Hell  Creek  beds  of  Montana  are  similar 
in  almost  every  respect  to  the  Ceratops  beds  of  Converse 
County,  Wyo.    Most  genera  and  many  species  of  verte- 

s  Brown,  Barnuin,  The  Hell  Creek  beds  of  the  Upper  Cretaceous  of 
Montana:  Am.  Mus.  Nat.  Hist.  Bull.,  vol.  23,  p.  823,  1907. 
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brates  and  invertebrates  are  common  to  both  deposits, 
while  the  faunal  fades  may  be  considered  a  unit.  *  *  * 
They  are  therefore  considered  of  contemporaneous  depo- 
sition. 

In  regard  to  the  age  of  these  beds  he  said: 

Strictly  following  King's  definition  of  the  Laramie, 
neither  of  these  deposits  can  be  considered  as  such,  for 
neither  one  represents  a  continuous  sedimentation  from 
the  marine  Fox  Hills.  They  should  therefore  t>e  grouped 
with  the  Livingston,  Denver,  and  Arapahoe  beds  and  may 
be  considered  post-Laramie. 

Although  Brown  considered  the  "Hell  Creek 
beds"  as  post-Laramie  and  thus  comparable 
to  the  Arapahoe  and  Denver  formations  in  posi- 
tion, it  is  evident  from  the  title  of  his  paper 
that  he  still  regarded  them  as  Cretaceous. 

The  year  1907  was  also  marked  by  the  pub- 
lication of  the  monograph  on  the  Ceratopsia  by 
Hatcher  and  Lull.*  This  comprehensive  treat- 
ise was  mainly  the  work  of  Hatcher  and  had 

ft 

been  nearly  completed  at  the  time  of  his  death, 
July  3,  1904.  It  was  compiled  and  edited  by 
Lull,  who  added  a  chapt-er  on  the  phylogeny, 
taxonomy,  distribution,  habits,  and  environ- 
ment of  the  Ceratopsia.  From  this  it  appears 
that  the  localities  then  known  for  the  so-called 
Laramie  Ceratopsia  were  Black  Buttes  and 
Converse  County,  Wyo.,  and  Hell  Creek,  Mont. 
The  Denver  localities  were  considered  under  a 
separate  heading,  and  the  statement  was  made 
that  these  beds  (Arapahoe  and  Denver)  had 
beeQ  "considered  to  be  of  post-Laramie  age.'' 
It  was  of  course  held  that  all  the  localities 
which  had  afforded  the  "Laramie  Ceratopsia'' 
belonged  to  the  Cretaceous. 

In  1905  the  United  States  G«iological  Survey 
began  an  investigation  that  had  for  its  object 
the  classification  of  the  coal  lands  in  the 
public-land  States  of  the  West,  and  this  work 
has  been  continued  until  the  present  time. 
The  plan  has  been  to  send  a  party,  usually  a 
small  one,  to  survey  a  definite  area  for  the 
purpose  of  ascertaining  its  coal  resources  and 
incidentally  of  procuring  such  data  as  tiihe  and 
opportimity  offered  on  the  general  geology  of 
the  area.  In  this  manner  a  large  and  impor- 
tant body  of  facts  has  been  accumulated 
regarding  the  geology  of  regions  or  localities  . 
that  might  otheiwise  have  remained  obscure 
or  imperfectly  known  for  an  indefinite^' period. 

*  Hatcher,  J.  B.,  and  Lull,  R.  S.,  The  Ceratopsia:  U.  S.  Geol.  Survey 
Mod.  40, 1907. 
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One  of  the  first  of  these  so-called  coal  reports 
was  made  by  A.  C  Veatch  *  for  a  large  area  in 
southwestern  Wy^oming,  though  the  coal  report 
was  expanded  into  a  complete  consideration 
of  the  geology  and  resources  of  the  region 
covered.  GSee  p.  67.)  In  1906  this  work  was 
systematized  and  prosecuted  in  all  the  Rocky 
Mountain  States,  though  the  results  were  not 
published  until  1907. 

In  the  present  connection  the  report  by 
A.  G.  Leonard  •  on  the  coal  fields  of  parts  of 
Dawson,  Rosebud,  and  Custer  counties,  Mont., 
is  of  interest.  This  was  really  hardly  more 
than  a  reconnaissance  report  on  a  large  area 
lying  mainly  between  Missouri  and  Yellow- 
stone rivers  and  extending  from  HeU  Creek 
eastward  to  the  State  line.  Four  geologic 
formations  were  recognized  in  this  field — 
Pierre,  Fox  Hills,  ''dinosaur-bearing  beds" 
not  othen^ase  named,  and  Fort  Union.  In 
some  places,  as  at  Glendive,  the  Fox  Hills 
was  supposed  to  be  absent  and  the  overlying 
dinosaur-bearing  beds  rested  directly  on  tl\e 
Pierre.  The  dinosaur-bearing  beds  were  de- 
scribed by  Leonard  as  follows : 

Heretofore  all  the  beds  above  the  marine  Pierre  shale 
have  been  regarded  as  belonging  to  a  single  formation 
which  carries  the  lignite  and  subbituminous  coal  beds  of 
this  field.  These  rocks  have  been  called  at  various  times 
'^ Laramie"  and  ''Fort  Union,"  on  the  supposition  that 
they  compose  but  a  single  formation.  The  work  of  the 
last  year,  however,  has  shown  that  at  Glendive  the  rocks 
above  the  Pierre  shale  apparently  comprise  two  forma- 
tions. *  *  *  The  beds  are  strikingly  similar  to  the 
dinosaur-bearing  beds  [=''Hell  Creek  beds"  of  Brown] 
on  Hell  Greek,  and  presumably  they  are  identical. 

The  Fort  Union  was  everywhere  conform- 
ably above  the  '^ dinosaur-bearing  beds''  and 
was  described  as  '^  readily  distinguished  by  the 
light-gray  and  buff  color  of  its  beds." 

The  economic  coal  investigations,  which  have 
a  more  or  less  direct  bearing  on  the  present 
problem,  were  continued  in  1907,  and  the  re- 
sults were  published  in  1909.^  A.  G.  Leonard 
and  Carl  D.  Smith  reported  on  the  Sentinel 
Butte  lignite  field,  in  North  Dakota  and  Mon- 
tana, where  they  found  only  the  Fort  Union 
formation.  Arthur  J.  Collier  and  Carl  D. 
Smith  reported  on  the  Miles  City  coal  field,  in 
Montana,  where  also  only  the  Fort  Union  w^as 
recognized,  though  the  lower  500  feet  of  beds 

»  Oeography  and  geology  of  a  portion  of  southwestern  Wyoming,  with 
special  reference  to  coal  and  oil:  U.S.  Oeol.  Survey  Prof.  Paper  56, 1907. 
•  U.  S.  Oeol.  Survey  Bull.  316,  p.  194, 1907. 
7  U.  S.  Oed.  Survey  Bull.  341, 1900. 


[the  equivalent  of  the  ''dinosaur-bearing  beds" 
of  the  Glendive  section]  was  described  as  show- 
ing a  marked  lithologic  difference.  In  the  main 
only  the  Fort  Union  was  described  by  L.  H. 
Woolsey  in  his  account  of  the  Bull  Mountain 
coal  field,  in  Montana,  though  he  mentioned 
briefly  certain  beds  on  Dean  Creek  and  an  olive- 
green  shale  which  he  regarded  as  being  beneath 
the  Fort  Union.  In  the  report  on  coal  near 
the  Crazy  Mountains,  Mont.,  R.  W.  Stone  rec- 
ognized the  marine  Cretaceous  section  as  de- 
fined by  Stanton  and  Hatcher  for  the  Judith 
River  area  (see  p.  77),  and  above  this,  in  as- 
cending order,  the  Laramie,  Livingston,  and 
Fort  Union  formations.  In  his  report  on  the 
Red  Lodge  coal  field,  Mont.,  E.  G.  Woodruff 
referred  the  whole  visible  section  of  8,000 
feet  to  the  Fort  Union,  as  did  J.  A.  Taff  the 
coal-bearing  section  in  the  Sheridan  coal  field, 
Wyo.  On  the  southwest  side  of  the  Big 
Horn  Basin  of  Wyoming  Woodruff  identified  as 
Laramie  ( ?)  a  series  of  sandstones  and  shales 
overlying  the  Montana  group.  This  series  was 
said  to  contain  invertebrates  belonging  to  a 
fauna  characteristic  of  the  ''  Cerateps  beds." 
Woodruff  said: 

As  the  stratigraphic  position  of  these  beds  ['^Ceratops 
beds"]  is  not  definitely  determined,  the  name  Laramie  is 
applied  because  the  Laramie  formation  occupies  a  position 
in  the  geologic  column  between  the  Montana  and  Fort 
Union.  ♦  «  ♦  The  name,  however,  should  not  be  con- 
sidered as  indicative  of  a  positive  correlation  with  beds 
of  Laramie  age  to  the  south. 

The  Laramie  was  also  tentatively  recognized 
by  C.  W.  Washbume  on  the  northeast  side  of 
the  Big  Horn  Basin,  though  the  evidence  aside 
from  position  was  not  very  clearly  stated. 

Up  to  1909  there  had  been  no  formal,  pub- 
lished protest  against  the  reference  of  the 
**Ceratops  beds'*  to  the  Cretaceous,  although 
several  writers  had  indicated  that  in  certain 
areas  the  stratigraphic  relations  of  the  dinosaur- 
bearing  beds  were  such  that  they  were  at  vari- 
ance with  the  original  definition  of  the  Laramie. 
In  this  year  I  published  a  paper'  under  the 
title  **The  stratigraphic  relations  and  paleon- 
tology of  the  'Hell  Creek  beds.'  ^Ceratops  beds,' 
and  equivalents,  and  their  reference  to  the 
Fort  Union  formation,"  in  which  the  following 
was  given  as  the  thesis: 

The  present  paper  deals  with  the  extensive  series  of 
fresh-water  deposits  of  the  Northwest,  comprising  what  is 

•  Knowlton,  F.  H.,  Washington  Acad.  Sci.  Proc.,  vol.  2,  pp.  179-238. 
1909. 
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here  coiuiidered  as  the  Fort  Union  formation.  It  is  shown 
that  the  Fort  Union  embraces  more  than  has  been  com- 
monly assigned  to  it.  Conformably  below  the  beds  by 
some  geologists  considered  as  the  true  Fort  Union  occur 
dark-colored  sandstones,  clays,  and  shales,  which  have 
often  been  incorrectly  referred  to  the  Laramie  or  its  equiva- 
lent but  which  are  stratigraphically  and  paleontologically 
distinct  from  the  Laramie,  and  the  contention  is  here 
made  that  these  beds,  which  include  the  "Hell  Creek 
beds'*  and  so-called  "somber  beds"  of  Montana,  the 
'^Ceratops  beds"  or  "Lance  Creek  beds"  of  Wyoming,  and 
their  stratigraphic  and  paleontologic  equivalents  else- 
where, are  to  be  regarded  as  constituting  the  lower  member 
of  the  Fort  Union  formation  and  are  Eocene  in  age. 

In  this  paper  a  brief  historical  summary  of 
the  Fort  Union  formation  was  followed  by  an 
account  of  its  areal  distribution  and  lithologic 
character,  in  which  I  held  that  it  may  be 
divided  into  two  members.  The  areal  distri- 
bution and  paleontologic  contents  of  the  lower 
or  dinosaur-bearing  member  were  given  as 
completely  as  available  facts  then  warranted. 
The  distribution  included  the  following  areas 
in  Montana:  Hell  Creek,  Miles  City  and  vicin- 
ity, Forsyth,  Custer,  Bull  Mountains,  Mel- 
ville, Red  Ijodge,  Glendive,  and  from  Glendive 
to  Medora,  N.  Dak.  Several  areas  in  North 
Dakota  were  discussed,  as  well  as  a  probable 
area  (since  confirmed)  in  northwestern  South 
Dakota.  Thence  the  formation  was  traced  to 
Weston  County,  Wyo.,  and  thence  northward 
to  connect  with  the  area  at  Miles  City,  Mont. 
Other  areas  in  Wyoming  were  Converse  County, 
a  great  region  east  of  the  Big  Horn  Moimtains, 
and  the  Big  Horn  Basin.  Thus  it  was  shown 
that  the  '^Ceratops  beds,''  originally  supposed 
to  occur  only  in  Converse  County,  Wyo.,  really 
occupy  a  vast  area  distributed  over  four  great 
States. 

The  essential  results  claimed  in  this  paper 
were  sufficiently  set  forth  in  the  ^'summary  and 
conclusions,''  as  follows: 

1.  The  Fort  Union  formation  is  a  freeh-water  Tertiary 
formation  of  wide  areal  extent,  mainly  east  of  the  Rocky 
Mountains,  ranging  from  Wyoming  and  western  South 
Dakota  over  western  North  Dakota,  eastern  and  central 
Montana,  the  central  Canadian  Provinces,  and  reaching 
the  valley  of  the  Mackenzie  River. 

2.  It  is  shown  that  the  Fort  Union  formation  may  be 
separated  into  two  members  on  lithologic  grounds.  The 
present  paper  deals  only  or  largely  with  the  stratigraphy 
and  p^ileontology  of  the  lower  member,  which  includes 
the  "Hell  Creek  beds"  and  so-called  ''somber  beds"  of 
Montana  and  the  ''Ceratopa  beds"  of  Wyoming. 

3.  The  areal  distribution  of  the  lower  member  is  traced 
in  Montana,  North  and   South   Dakota,  and  Wyoming, 


and  its  probable  extension  in  other  areas  is  indicated. 
Complete  lists  of  the  fossil  plants  are  given  by  localities 
for  each  of  the  areas. 

4.  It  is  shown  that  the  lower  member  rests,  in  some 
cases  unconformably,  in  others  in  apparent  conformity, 
on  the  Fox  Hills  or  Pierre,  and  the  conclusion  is  reached 
that  an  erosional  interval  is  indicated  during  which  the 
Laramie — ^if  ever  present — and  other  Cretaceous  and  early 
Tertiary  sediments  were  removed. 

5.  It  is  shown  that  the  beds  under  consideration,  being 
above  an  unconformity,  can  no  longer  be  considered  as  a 
part  of  the  *' conformable  Cretaceous  series"  and  hence 
are  not  Laramie. 

6.  It  is  shown  that  the  two  members  of  the  Fort  Union, 
although  usually  distinct  lithologically,  can  not  be  sepa- 
rated structurally,  sedimentation  having  been  uninter- 
rupted, except  locally. 

7.  The  paleontological  elements  of  the  lower  members 
are  considered  at  length,  beginning  with  the  plants.  It 
is  shown  that  of  the  84  known  species,  61  are  common  to 
the  upper  member,  and  only  11  species  to  the  Laramie  of 
Colorado,  while  15  species  are  common  to  other  American 
Eocene,  and  9  species  to  the  Miocene.  The  Eocene  age 
of  the  Fort  Union  is  fixed  by  tying  its  flora  to  that  of  vari- 
ous Old  World  beds  of  known  Eocene  position. 

8.  The  invertebrate  evidence  is  shown  to  be  in  sub- 
stantial accord  with  that  of  the  plants,  there  being  only  4 
of  the  49  species  common  to  the  Colorado  Laramie.  All, 
with  a  single  possible  exception,  are  freah-water  forms. 

9.  It  is  flhown  that  the  vertebrates  afford  no  positive  evi- 
dence of  Cretaceous  age. .  That  the  dinosaurs  exhibit 
Cretaceous  affinities  is  not  denied,  since,  being  without 
known  descendants,  it  is  possible  to  compare  them  only 
with  their  progenitors.  It  has  been  proved  beyond 
question  that  they  siurvived  the  profound  orogenic  move- 
ment and  attendant  physical  break  at  the  top  of  the 
Laramie  in  the  Denver  Basin  of  Colorado  and  lived  on  in 
Arapahoe  and  Denver  time,  and  it  is  shown  that  in  the 
areas  considered  in  this  paper  they  passed  over  a  similar 
erosional  interval  and  are  found  in  association  with  the 
Fort  Union  flora,  which  is  of  Eocene  age. 

10.  The  mammals  of  the  lower  Fort  Union  show  very 
little  relationship  with  Jurassic  or  Cretaceous  forms  but 
find  their  closest  affinities  with  those  of  the  Puerco  and 
Torre jon,  which  are  of  acknowledged  Eocene  age. 

11.  The  chelonians  are  shown  to  be  of  little  value  in 
their  bearing  on  the  age  of  the  lower  Fort  Union,  especially 
when  compared  with  the  Judith  River  forms,  which  are 
evidently  in  confusion. 

12.  It  is  held  that  the  line  between  Cretaceous  and 
Tertiary  should  be  drawn  at  the  top  of  the  true  Laramie. 

13.  The  final  conclusion  is  reached  that  the  beds  here 
considered  ("Hell  Creek  beds,'*  "somber  beds,"  *'Ceratops 
beds,"  "Laramie"  of  many  writers)  are  stratigraphically, 
structurally,  and  paleontologically  inseparable  from  the 
Fort  Union  and  are  Eocene  in  age. 

The  above-mentioned  paper  was  followed 
almost  immediately  by  a  paper  by  T.  W. 
Stanton,'  entitled  '*The  age  and  stratigraphic 


•  WashiDgton  Acad.  Sd.  Proc.,  vol.  2,  pp.  239-293, 1909. 
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relations  of  the  ^Ceratops  beds'  of  Wyoming 

and  Montana."    The  thesis  of  this  paper  was 

stated  as  follows: 

The  purpose  of  the  present  paper  is  to  show  that  some 
of  the  data  akeady  used  in  the  discussion  [by  Enowlton, 
.Cross,  and  others]  are  capable  of  a  different  interpretation 
and  to  call  attention  to  some  additional  facts  which 
ought  to  be  fully  considered  before  a  final  verdict  is 
reached.  All  are  agreed  that  the  strata  in  question  are 
near  the  boundary  between  Cretaceous  and  Tertiary. 
My  opinion  is  that  the  greater  weight  of  evidence  places 
them  on  the  Cretaceous  side. 

Under  the  head  of  * 'local  stratigraphy  and 
paleontology"  Stanton  reviewed  a  number  of 
the  areas  in  Wyoming  and  Montana  con- 
sidered in  my  paper  and  set  forth  his  own 
field  observations  and  interpretation  of  the 
stratigraphic  and  paleontologic  conditions.  In 
summarizing  these  data  Stanton  said : 

It  has  been  shown  that,  within  the  laige  area  considered, 
the  **  Ceratop8  beds"  with  the  Triceratops  fauna  are  always 
pretty  closely  associated  with  the  uppermost  Cretaceous 
strata  or  are  separated  from  them  by  transitional  brackish- 
water  beds.  They  are  always  overlain  by  a  thick  series 
of  rocks  containing  a  Fort  Union  flora  in  which  no  dino* 
saurian  remains  have  been  foihid,  and  in  the  Fish  Creek, 
Mont.,  region  this  overlying  series  also  contains  primitive 
mammals  related  to  those  of  the  Puerco  and  Torrejon 
faunas.  Throughout  a  large  part  of  the  area  no  evidence 
of  an  unconformity  beneath  the  **  Ceratops  beds"  has  been 
found,  while  higher  in  the  section  unconformities  have 
been  demonstrated  or  suggested  at  a  number  of  places. 
Unconformities  have  been  reported  below  the  **  Ceratops 
beds"  on  Hell  Creek,  Mont.,  on  the  Little  Missouri,  in 
North  Dakota,  and  in  Weston  County,  Wyo.,  but  in  none 
of  these  cases  has  any  proof  been  f  umifdied  that  the  erosion 
interval  is  important. 

The  conclusions  reached  in  this  paper  are 
given  as  follows: 

In  the  interior  region  of  North  America  the  formatione 
between  the  uppermost  marine  Cretaceous  and  the 
Wasatch  together  constitute  a  real  transition  from  the 
Cretaceous  to  the  Teritary. 

Notwithstanding  the  fact  that  there  are  several  local 
unconformities  at  various  horizons  and  perhaps  some  of 
more  general  distribution,  there  is  no  conclusive  evidence 
that  any  one  of  these  represents  a  very  long  period  of 
erosion  not  represented  by  sediments  elsewhere  in  the 
region. 

The  Fort  Union  formation,  properly  restricted,  is  of 
early  Eocene  age,  the  determination  resting  chiefly  on  its 
stratigraphic  position  and  its  primitive  mammalian 
fauna,  which  is  related  to  the  earliest  Eocene  fauna  of 
Europe.  The  very  modem  character  of  the  flora  t^nds 
to  confirm  this  correlation. 

The  ** Ceratops  beds"  are  of  Cretaceous  age  as  decided 
by  stratigraphic  relations,  by  the  pronounced  Mesozoic 


character  of  the  vertebrate  fauna  with  absence  of  all 
Tertiary  types,  and  by  the  close  relations  of  the  inverte- 
brate fauna  with  the  Cretaceous.  The  relation  of  the 
flora  with  E^ene  floras  is  believed  to  be  less  important 
than  this  faunal  and  stratigraphic  evidence.  Taken  in 
their  whole  areal  extent,  they  probably  include  equiva- 
lents of  the  Laramie,  Arapahoe,  and  Denver  fonnatione 
of  the  Denver  Basin. 

Hay  *•  also  published  a  paper  in  1909  on  the 
position  and  age  of  the  ^*  Ceratops  beds/'  in 
which,  after  comparing  the  fauna  of  these  beds 
with  those  of  the  Judith  River,  Puerco,  Torre- 
jon, and  several  European  formations,  he  con- 
cluded as  follows: 

1.  The  answer  that  the  writer  would  give  to  the  ques- 
tion at  the  head  of  this  paper  is  that  the  Lance  Creek 
beds  belong  to  the  Upper  Cretaceous. 

2.  In  the  Upper  Cretaceous  ought  to  be  included  also 
the  Puerco  and  not  improbably  also  the  Torrejon  and 
Fort  Union. 

3.  In  case  of  a  conflict  between  the  evidence  furnished 
by  the  flora  and  the  fauna  of  the  Lance  Creek  beds  and 
those  of  the  Fort  Union  respectively,  the  evidence  ob- 
tained from  the  fauna  is  to  be  preferred,  as  being  part  of 
a  more  complete  and  better  understood  history.  Present 
knowledge  regarding  plants  seems  to  indicate  that  they 
were  precocious,  having  reached  something  like  their 
present  stage  of  development  long  before  mammals  at- 
tuned anything  like  their  present  stages  of  differentia- 
tion. There  are  also  indications  that  the  floras  of  the 
western  world  were,  during  the  Cretaceous,  considerably 
in  advance  of  those  of  Europe.  '  ^ 

4.  Even  if  it  were  concluded  that  the  Fort  Union  be- 
longs to  the  Tertiary,  and  that  the  fauna  and  flora  of  the 
Lance  Creek  epoch  are  more  closely  related  to  those  of 
the  Fort  Union  than  they  are  to  those  of  the  Judith  River, 
it  does  not  follow  that  the  Lance  Creek  epoch  must  be 
included  in  the  Tertiary.  A  quarter  before  midnight  on 
Monday  is  much  nearer  to  Tuesday  than  it  is  to  the  pre- 
vious 6  o'clock;  nevertheless,  it  is  not  yet  Tuesday. 

The  work  of  the  United  States  Geological 
Survey  in  classifying  the  coal  lands  was 
continued  in  1908,  though  the  results  of  this 
year's  investigations  were  not  published  until 
1910."  It  is  noteworthy  that  in  the  areas 
falling  within  the  scope  of  the  present  review 
the  Fort  Union  has  come  to  be  placed  un- 
qualifiedly in  the  Tertiary. 

In  the  voliune  cited  R.  W.  Bichards  has  a 
paper  under  the  title  ''The  central  part  of  the 
Bull  Mountain  coal  field,  Mont.,"  in  which 
the  stratigraphic  relations  are  set  forth  in  the 
following  table: 

w  Hay,  O.  P.,  Where  do  the  Lance  Creek  ("  Ceratop9")  beds  belong- 
in  the  Cretaceous  or  in  the  Tertiary?:  Indiana  Acad.  Sci.  Proc.,  toI. 
25,1909. 

"  U.  S.  Qeol.  Survey  Bull.  381,  1910. 
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Stratigraphy  of  the  central  part  of  the  Bull  Mountain  coed 

field f  Mont. 


System. 

Formation. 

Thick- 
ness 
(feet). 

Description. 

Tertiary . . . 
(?) 

Fort  Union. 

m 

1,650 
200-300 

1,480 

Yellowish  sandstones 
and  shales  inter- 
stratified  with  lignite 
beds. 

Somber- colored    shale 

Cretaceous. 

Laramie  (?) 
Bearpaw 

and  coarse  yellow 
sandstones  with  beds 
of  carbonaceous  sand- 
stone *and  shale. 

Alternating  gray  sand- 
stones  and  clay 
shales,  with  thin  coal 
beds. 

Gray  to  brown  shales 
and  clay. 

The  Laramie  (?)  was  regarded  as  the  equiv- 
alent of  the  '' somber  beds''  of  the  Miles  City 
field. 

The  Buffalo  coal  field,  Wyo.,  was  described 
in  this  bulletin  by  H.  S.  Gale  and  C.  H.  Wege- 
mann.  In  this  area  the  dinosaur-bearing  beds 
were  referred  to  the  so-called  Piney  formation, 
which  was  said  to  be  pre-Tertiary  or  Cretaceous 
[both  terms  are  used  in  the  report],  though  some 
doubt  was  expressed  as  to  whether  this  designa- 
tion would  prove  to  be  correct. 

In  1910  T.  W.  Stanton  "  pubUshed  a  short 
paper  dealing  with  this  subject  and  recording 
new  field  data  from  areas  in  the  Dakotas  and 
eastern  Wyoming.  The  term  Lance  formation, 
which  has  now  come  into  such  general  usage, 
was  here  published  for  the  first  time  and  was 
specifically  stated  to  be  a  substitute  for  the 
old  terms  ^^Ceratops  beds,"  ''Lance  Creek  beds," 
and  equivalents.  Of  the  three  areas  discussed 
in  this  paper  the  one  first  considered  was  the 
Standing  Rock  and  Cheyenne  River  Indian 
Reservation,  or  the  region  between  Grand  and 
Cannonball  rivers  in  North  and  South  Dakota. 
In  this  area  attention  was  directed  principally 
to  the  Fox  Hills  sandstone  and  its  contrast 
with  overlying  beds,  and  a  number  of  sections 
were  given,  together  with  fists  of  the  inverte- 
brates found.    Stanton  said : 

At  the  top  of  the  Fox  Hills  sandstone  with  its  purely 
marine  fauna  there  is  a  rather  thin  but  widely  distributed 
brackiflh- water  bed,  which  contains  Ostrea^  Anomia^  Cor- 
Mcula,  Melaniaj  etc.,  in  great  abundance.    The  zone  in 

u  Fox  Hills  sandstone  and  Lance  formation  ("  Ceratopt  beds")  in  South 
Dakota,  North  Dakota,  and  eastern  Wyoming  Am.  Jour.  Scl.,  4th  ser., 
▼ol.  30,  pp.  172-188, 1910. 


which  this  fauna  occurs  varies  in  thickness  from  3  or  4  feet 
up  to  40  feet  and  is  lithologically  very  similar  to  the  under- 
lying marine  beds,  but  iU  base  ik  irregular  at  many  places 
and  shows  channeling  and  other  evidences  of  erosion.  It 
was  therefore  regarded  by  the  field  geologists  as  the  basal 
member  of  the  overlying  Lance  formation  resting  uncon- 
formably  on  the  Fox  Hills.  In  the  study  of  this  brackish- 
water  bed  evidence  was  found  at  several  localities,  dis- 
tributed over  a  considerable  area,  that  there  is  a  distinct- 
transition  without  a  break  of  any  importance  between  the 
marine  Fox  Hills  sandstone  and  the  brackish-water  de- 
posit. The  paleontologic  evidence  oonsistB  of  distinctive 
Fox  Hills  species  belonging  to  such  marine  genera  as 
ScaphiteSt  LunatiOf  and  ToTicrediay  found  directly  associated 
in  the  same  bed  with  the  brackish-water  forms  and  occur- 
ring with  them  in  such  a  way  that  they  must  have  lived 
together  or  near  each  other  and  been  embedded  at  the 
same  time. 

The  second  area  included  the  valley  of  the 
Little  Missouri  from  Marmarth  to  Yule,  N. 
Dak.  The  point  emphasized  with  reference  to 
this  area  was  the  finding  of  an  oyster  bed  some 
500  feet  above  the  base  of  the  Lance  formation 
and  above  all  the  dinosaurs  that  have  been 
found  in  the  region. 

The  Lance  Creek  area  in  Converse  County, 
Wyo.,  which  had  been  reexamined  in  company 
with  M.  R.  Campbell  and  R.  W.  Stone,  was  the 
third  area  considered.  Of  this  area  Stanton 
said: 

Our  principal  contribution  to  the  knowledge  of  the 
stratigraphy  of  the  area  was  the  discovery  that  the  marine 
Fox  Hills  deposits  extend  about  400  feet  higher  than  had 
previously  been  determined,  and  that  nonmanne  coal- 
forming  conditions  were  temporarily  inaugurated  here 
before  the  close  of  Fox  Hills  time. 

In  conclusion  Stanton  wrote: 

The  three  areas  discussed  in  this  paper,  taken  together, 
tell  a  story  of  gradually  changing  conditions  near  t^  end 
of  the  Cretaceous,  when  the  uplift  of  the  Rocky  Mountain 
region  was  draining  the  interior  sea.  The  uplift  was  not 
uniform  nor  continuous,  and  the  emeigence  above  sea 
level  could  not  have  been  simultaneous  for  aU  localities 
throughout  the  r^on.  *  *  *  The  bearing  which  the 
facts  here  presented  have  on  the  Laramie  problem  is  self- 
evident.  If  it  is  true  that  there  is  a  transition  with  prac- 
tically continuous  sedimentation  from  the  Fox  Hills  sand- 
stone into  the  Lance  formation  in  the  region  discussed, 
then  the  Lance  formation  includes  or  forms  part  of  the 
Laramie. 

The  first  published  official  statement  showing 
that  the  discussion  concerning  the  age  of  the 
Lance  formation  was  having  its  effect  is  to  be 
noted  in  a  short  report  on  the  eastern  part  of 
the  Bull  Mountain  coal  field,  Mont.,  by  C.  T. 
Lupton.**    Here  for  the  first  time  the  Lance 

u  U.  8.  Qeol.  Survey  Bull.  431,  p.  163, 1911. 
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formation  was  classed  as  ''Cretaceous  or  Ter- 
tiary." 

In  May,  1911,  I  published  a  short  paper** 
entitled  "Further  data  on  the  stratigraphic 
position  of  the  Lance  formation  {^Ceratops 
beds')/'  which  gave  the  results  of  the  work  of 
the  two  field  seasons  that  had  intervened  since 
the  publication  of  my  first  paper  on  this  sub- 
ject. What  was  then  thought  to  be  the  most 
important  result  recorded  was  the  finding  in 
Carbon  County,  Wyo.,  of  the  remains  of  Tri- 
ceratops  in  the  so-called  "Upper  Laramie''  of 
Veatch,  above  the  supposed  profound  uncon- 
formity as  described  and  mapped  by  him. 
After  describing  this  occurrence  I  made  the 
following  statement: 

Since,  with  the  exception  of  their  occurrence  in  the 
poet-Laramie  deposits  of  the  Denver  Basin,  the  remains 
of  Triceratops  have  never  been  found  outside  the  Lance 
formation,  the  finding  of  Triceratops  at  this  point  is  of 
far-reaching  importance.  It  shows  that  not  only  are  the 
beds  containing  them  above  more  than  6,000  feet  of 
"Laramie"  rocks  (the  basal  portion  of  which  is  almost 
certainly  of  Fox  Hills  age),  but  also  that  they  are  separated 
from  the  "Laramie"  ["Lower  Laramie"]  by  an  uncon. 
formity,  which,  according  to  Veatch,  is  profound  and  has 
involved  the  removal  of  perhaps  as  much  as  20,000  feet 
of  sediments.  This  would  seem  effectively  to  dispose  of 
the  contention  that  the  Lance  formation  [**  Ceratops  beds"] 
is  the  equivalent  of  the  Laramie. 

Another  part  of  this  paper  was  an  important 
contribution  of  several  pages  by  W.  R.  Calvert, 
on  the  stratigraphic  relations  in  the  old  Stand- 
ing Rock  and  Cheyenne  Indian  Reservation,  in 
South  and  North  Dakota,  as  observed  by  him 
and  by  the  parties  under  his  charge.  In  this 
contribution  particular  attention  was  devoted 
to  the  Fox  Hills  and  the  overlying  Lance 
formation.  Calvert  said:  **As  a  result  of  field 
study  by  Pishel,  Bamett,  and  the  i^Titer,  it 
seams  certain  that  the  line  between  the  Fox 
Hills  sandstone  and  the  Lance  formation  is 
marked  by  an  unconformity."  Calvert  pointed 
out  that  the  Fox  Hills  has  a  maximum  thick- 
ness of  200  feet  in  this  region,  but  it  was  found 
to  vary  greatly,  and  in  some  places  it  was 
entirely  absent,  the  Lance  formation  resting  on 
the  Pierre.  Angular  as  well  as  erosional  dis- 
cordances between  the  two  were  noted. 

Calvert  was  of  the  opinion  that  the  reported 
occurrence  of  Fox  Hills  invertebrates  in  the 
lower  part  of  the  Lance 


i«  Jour.  Geology,  vol.  19,  pp.  358-376, 1911. 


may  be  looked  at  from  two  divergent  points  of  view.  Be 
cause  Fox  Hills  foasils  occur  in  the  lignitic  shales  at  the 
base  of  the  "somber  beds"  and  mingled  with  the  brackish- 
water  types  of  the  Lance  formation  is  not  necessarily  proof 
positive  that  the  various  faunas  lived  at  the  same  time,  for 
if  the  deposition  of  the  Fox  Hills  was  followed  by  a  definite 
erosion  interval,  what  is  more  probable  than  that  in  the 
deposition  of  succeeding  strata  fossil  shells  would  be 
eroded  from  the  marine  beds  and  carried  into  the  channels, 
there  to  mingle  with  the  then  living  brackish-water  fauna 
of  the  Lance  formation? 

The  conclusions  reached  in  this  paper  were  in 
part  as  follows: 

It  has  now  been  demonstrated  that  the  Lance  formation 
is  everywhere  followed  conformably  by  the  acknowledged 
Fort  Union — ^that  is  to  say,  sedimentation  from  one  to  the 
other  was  continuous  and  uninterrupted. 

The   unconformable  relations  between   the 

Lance  formation   and   underlying  formations 

having  been  demonstrated  at  so  many  points, 

it  could  onlv  be  concluded  that  this 

unconformity  is  undoubtedly  one  of  importance,  and  this 
would  seem  to  dispose  of  the  contention  that  the  Lance, 
Arapahoe,  and  Denver  formations  may  be  mere  ''phases 
of  Laramie.''  ♦  •  ♦  This  point  becomes  more  clearly 
than  ever  the  logical  point  at  which  to  draw  the  line  be- 
tween Cretaceous  and  Tertiary. 

Later  in  1911  I  published  a  short  note** 
under  the  caption  *' Where  are  the  Laramie 
dinosaurs?"  In  this  note  the  facts  regarding 
the  relations  between  the  Laramie  and  I^ance 
formations,  as  recorded  in  previous  papers, 
were  briefly  set  forth,  and  I  concluded  with  the 
following  paragraph : 

The  vertebrate  paleontologists  continue  to  refer  to  the 
''Ceratops  beds"  as  the  ''Laramie,"  the  "Laramie  Creta- 
ceous," etc.,  as  though  nothing  had  been  ascertained  re- 
garding their  position  since  they  were  named  25  years  ago. 
If  there  is  valid  evidence  to  show  that  the  Lance  formation 
{'' Ceratops  beds")  is  the  equivalent  to  the  Laramie  in 
whole  or  in  any  part,  it  would  be  welcome.  If  there  is  a 
known  locality  where  dinosaurs  (Ceratopsidae)  occur  in  the 
true  Laramie,  information  concerning  it  should  not  longer 
be  withheld. 

The  report  on  the  work  of  the  United  States 
Geological  Survey  on  mineral  fuels  for  the 
year  1910,  published  in  1912,*'  contains  many 
short  papers  and  preliminary  reports  relating 
to  Rocky  Mountain  areas,  here  under  consider- 
ation.    In  these  papers,  by  Pishel,*'  Calvert," 

>*  Sslence,  new  ser.,  vol.  34,  p.  320, 1911. 

»•  U.  S.  Oeol.  Survey  Bull.  471, 1912. 

1'  Pishel,  M.  A.,  Lignite  in  the  Fort  Berthold  Indian  Reservation,  N. 
Dak.:  Idem,  p.  170. 

u  Calvert,  W.  R.,  Geology  of  certain  lignite  fields  in  eastern  Mon- 
tana: Idem,  p.  187. 
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Bowen,**  Herald,*®  Hance,"  Stebinger," 
Beekly,**  Wegemann,**  Winchester,'*  and 
others,  the  Lance  formation  was  uniformly 
classed  as  '* Cretaceous  or  Tertiary."  It  is  not 
necessary  to  refer  to  these  papers  in  detail, 
except  to  that  of  Calvert,  in  which  he  recorded 
certain  facts  of  importance  relating  to  a  large 
area  in  eastern  Montana.  He  divided  the 
Lance  formation- of  this  area  into  two  parts — 
a  lower  sandstone  member,  immediately  over-^ 
lying  the  Pierre  and  named  the  Colgate  sand- 
stone member,  and  an  upper  or  undivided 
portion.  As  regards  the  line  between  the 
Lance  and  the  overlying  Fort  Union  he  said: 

In  the  area  mapped  the  upper  limit  of  the  Lance  forma- 
tion can  not  be  baaed  on  lithologic  grounds  but  must 
instead  be  dependent  upon  the  occurrence  of  fossil  Cera- 
topsia  bones.  In  the  area  treated  in  this  report  the  highest 
horizon  at  which  these  bones  were  found  is  just  above  the 
lower  persistent  lignite  bed,  but  there  is  certainly  nothing 
in  the  character  of  the  overlying  strata  to  suggest  that 
similar  bones  do  not  occur  therein  up  through  a  strati- 
graphic  distance  of  perhaps  500  feet.  *  •  *  As  a  result 
of  these  conditions  no  attempt  is  made  on  the  index  map 
or  on  the  maps  of  the  various  areas  treated  in  this  report 
to  differentiate  the  Lance  formation  from  the  overlying 
strata  described  in  connection  with  the  Fort  Union  forma- 
tion. *  *  *  In  other  words,  the  area  bounded  on  one 
side  by  the  contact  between  the  Pierre  shale  and  the 
Colgate  sandstone  member  and  on  the  other  side  by  the 
outcrop  of  the  lowest  persistent  lignite  bed  represents  the 
distribution  of  the  Lance  formation  as  mapped  in  this  field. 
In  this  connection,  however,  it  can  not  be  emphasized  too 
strongly  that  the  upper  limit  adopted  is  merely  suggestive, 
as  the  finding  of  Tnceratops  bones  higher  in  the  section 
will  necessitate  an  upward  extension  of  the  formation. 

At  the  meeting  of  the  Paleontological  Society 
in  Princeton,  N.  J.,  December  31,  1913,  and 
January  1,  1914,  there  was  held  a  symposium 
on  the  '*  Close  of  the  Cretaceous  and  opening 
of  Eocene  time  in  North  America,"  which  was 
briefly  introduced  by  Henry  Fairfield  Osborn, 
and  in  which  Messrs.  Knowlton,  Stanton, 
Brown,  Matthew,  and  Sinclair  participated. 

I*  Bowen,  C.  F.,  The  Baker  lignite  field,  Custer  County,  Mont.:  Idem, 
p.  202. 

M  Herald,  F.  A.,  The  Terry  lignite  field,  Custer  County,  Mont.:  Idem, 
p.  227. 

n  Hance,  J.  H.,  The  Glendlve  lignite  field,  Dawson  County,  Mont.: 
Idem,  p.  271. 

«  Stebinger,  Eugene,  The  Sidney  lignite  field,  Dawson  County,  Mont.: 
Idem,  p.  281. 

n  Beekly,  A.  L.,  The  Culbertson  lignite  field.  Valley  County,  Mont.: 
Idem,  p.  319. 

S4  Wegemann,  C.  H.,  The  Sussex  ccal  field,  Johi  sen,  Natrona,  and 
Converse  counties,  Wyo.:  Idem,  p.  441. 

s^  Winchester,  D.  E.,  The  Lost  Spring  coal  field.  Converse  County, 
Wyoj  Idem,  p.  <s72. 


In  the  first  paper  '*  the  following  was  given 

as  the  thesis: 

It  is  propoeed  to  show  that  the  dinosaur-bearing  beds 
known  as  '^Ceratops  beds,"  ''Lance  Creek  beds,"  Lance 
formation,  "Hell  Creek  beds,"  "somber  beds,"  "lower 
Fort  Union,"  Laramie  of  many  ^Titers,  "Upper  Laramie," 
Arapahoe,  Denver,  Dawson,  and  their  equivalents  are 
above  a  major  unconformity  and  are  Tertiary  rather  than 
Cretaceous  in  age. 

The  evidence  was  presented  under  the 
headings  stratigraphic,  paleobotanic,  dias- 
trophic,  European  time  scale,  vertebrates,  and 
invertebrates.  In  the  discussion  of  strati- 
graphic  evidence  it  was  held ''  that  the  dinosaur- 
bearing  beds  above  mentioned  are  separated 
from  underlying  beds  by  a  major  uncon- 
formity which  makes  the  logical  line  of  separa- 
tion between  Cretaceous  and  Tertiary/'  The 
evidence  bearing  on  the  occurrence  of  this  un- 
conformity wa§  traced  throughout  North  and 
South  Dakota,  Montana,  Wyoming,  Colorado, 
and  New  Mexico  and  was  demonstrated  in  a 
number  of  ways,  including  angular  and  ero- 
sional  discordance,  as  well  as  faunal  and  floral 
differences. 

The  paleobotanic  evidence  was  naturally 
presented  in  extenso.  It  was  shown  that  the 
floras  in  the  beds  immediately  below  and 
above  the  line  of  the  unconformity  comprise 
about  350  species  in  the  lower  beds  (Vermejo, 
Laramie,  Montana,  etc.)  and  over  700  species 
in  the  upper  beds  (Raton,  Dawson,  Arapahoe, 
Denver,  Lance,  etc.)  but  that  they  have  only 
21  or  22  species  in  common,  showing  "that 
more  than  90  per  cent  of  the  Cretaceous  flora 
was  wiped  out  by  the  disturbance  attending 
this  dias trophic  movement." 

In  the  Raton  Mesa  region  of  Colorado  and 
New  Mexico  the  beds  immediately  above  the 
unconformity  have  been  named  the  Raton 
formation  and  contain  a  flora  of  148  species, 
only  4  of  which  are  common  to  the  underlying 
Vermejo,  which  is  below  the  line  of  the  uncon- 
formity. The  Raton  flora  was  correlated  with 
those  of  the  Wilcox  group  of  the  Gulf  coast 
and  of  the  Dawson,  Arapahoe,  and  Denver 
formations  to  the  north.  The  correlation  was 
carried  from  the  Denver  Basin  of  Colorado 
through  North  Park  and  into  Carbon  County, 
Wyb.,  where  the  "Upper  Laramie"  of  Veatch 

M  Knowlton,  F.  H.,  CretaceaiM-Tertiary  boundary  in  the  Reeky 
Mountain  region:  Qeol.  Soc.  America  Bull.,  vol.  26,  pp.  326-340, 1914. 
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was  held  to  be  of  the  same  age  as  the  Lance 
formation  of  Converse  County,  Wyo.,  and 
thence  throughout  Montana  and  the  Dakotas. 
"The  Lance  flora  embraces  about  100  named 
and  described  species.  Of  these  100  species, 
over  76  are  typical  Fort  Union  species  that  have 
never  been  foimd  in  older  beds  and  most  of 
them  only  in  the  Fort  Union.''  The  Fort 
Union  was  said  to  be  of  acknowledged  Eocene 
age.  . 

In  discussing  the  European  time  scale  it  was 
shown  that 

(1)  The  Cretaceous  and  Tertiary  Byetema  were  originally 
established  on  a  physical  basis,  and  the  exact  line  of 
sepiration  between  them  was  determined  by  the  struc- 
ture; (2)  after  more  than  a  century,  during  which  the 
several  lines  of  evidence  have  been  tested,  the  last  authori- 
tative word  on  the  European  standard  is  to  the  effect 
that  the  structure  is  the  determining  factor  in  separating 
them,  and  that  even  dinosaurs  that  have  been  appealed 
to  so  often  as  proof  of  Cretaceous  age  did  not  end  with  the 
Cretaceous. 

The  vertebrate  and  invertebrate  evidence 
was  briefly  considered.  In  conclusion,  the 
thesis  giveti  at  the  beginning  of  the  paper  was 
repeated  and  considered  as  follows: 

Evidence,  believed  to  be  competent,  has  been  pre- 
sented in  support  of  this  view  from  the  side  of  stratigraphy, 
diastrophism,  and  paleobotany,  and  what  is  thought  to 
be  the  weakness  and  insufficiency  of  the  vertebrate  and 
invertebrate  evidence  has  been  pointed  out.  The  verte- 
brate paleontologist  would  place  the  Cretaceous-Tertiary 
line  at  the  highest  horizon  at  which  dinosaurs  have  been 
found,  notwithstanding  the  fact  that ''this  is  a  variable 
boundary,  unattended  by  structural  or  diastrophic  action. 
The  invertebrate  paleontologist  would  place  this  line  at 
the  highest  point  where  marine  invertebrates  of  Cannon- 
ball  tyi>e  occur.  The  paleobotanist  would  place  the  line 
at  the  lowest  horizon  at  which  Tertiary  plants  have  been 
found,  which  corresponds  with  the  structure.  The 
paleontologists  are  not  in  accord.  What,  then,  is  to  be 
the  court  of  final  appeal?  There  is  but  one  answer: 
Structure  resulting  from  diastrophism.  The  evidence 
from  these  sources  supports  the  thesis. 

The  second  paper  of  the  symposium,  by 
T.  W.  Stanton,"  began  with  a  discussion  of 
the  typical  Cretaceous  and  Eocene  of  western 
Europe,  in  which  it  was  held  that  the  Anglo- 
Parisian  basin  ''can  perhaps  with  justice  be 
considered  the  typical  area  of  both  Cretaceous 
and  Eocene.''  It  was  shown  that  here  there 
is  a  well-marked  structural  break,  as  well  as  a 
strong  faunal  break,  and  it. is  of  course  easy, 
to  distinguish  between  them,  but  that  in  other 

"  Boundary  between  Cretaceotu  and  Tertiary  in  North.  America,  as  , 
Indicated  by  stratigraphy  and  invertebrate  faunas:  Geol.  Soc.  America 
Bull.,  TOl.  25,  pp.  341^54,  1914. 


areas  (Denmark,  Belgium,  center  of  Paris 
Basin,  etc.)  there  are  deposits, 

in  part  marine  and  in  part  continental,  which  seem  to 
belong  between  the  highest  Cretaceous  and  the  lowest 
Eocene  represented  in  England.  These  intermediate 
deposits  have  been  called  Danian,  Montian,  and  other 
more  local  names  and  have  been  assigned  by  some  geolo- 
gists to  the  Cretaceous,  by  others  to  the  Tertiary,  and  by 
still  others  part  to  the  Cretaceous  and  part  to  the  Terti- 
ary.   «    ♦    ♦ 

All  wiU  agree,  I  think,  that  when  two  contiguous 
systems  as  originally  defined  are  separated  by  an  un- 
conformity, if  there  is  other  evidence  of  a  break  in  sedi- 
mentation, it  is  probable  that  intermediate  deposits  will 
be  found  in  some  part  of  the  world,  and  that  when  found, 
if  £hey  are  subordinate  in  character,  they  should  be  as- 
signed in  each  case  to  the  system  to  which  they  are  most 
closely  related. 

In  discussing  the  contact  between  marine 
Cretaceous  and  marine  Eocene,  in  North 
America,  Stanton  pointed  out  that 

In  America,  as  in  England,  wherever  marine  Cretaceous 
is  directly  overlain  by  marine  Eocene,  there  is  no  diffi- 
culty in  recognizing  the  boundary  between  them,  and 
there  is  no  controversy  concerning  the  boundary.  *  ♦  ♦ 
In  the  Interior  Province,  including  the  Great  Plains  and 
Rocky  Mountain  region,  conditions  were  different.  The 
Upper  Cretaceous  sea  during  the  Colorado  epoch  covered  a 
large  part,  if  not  the  whole,  of  the  province,  and  by  the  end 
of  the  Cretaceous  it  had  entirely  retreated  from  the  area; 
but  the  Eocene  sea  did  not  return  into  this  province  at 
all.  Instead  of  marine  deposits  great  continental  deposits 
were  formed,  beginning  in  the  Cretaceous  and  continuing 
with  many  interruptions  and  with  increasing  restriction 
of  areas  throughout  Tertiary  time. 

As  regards  the  evidence  of  land  areas  in  the 
Rocky  Mountain  region  during  the  Cretaceous, 
Stanton  wrote  as  follows: 

The  idea  has  sometimes  been  expressed  that  this  was  a 
period  of  quiet  and  universal  submergence  for  the  province, 
with  no  land  masses  within  it  imtil  the  end  of  the  period, 
when  the  whole  area  was  lifted  above  sea  level  by  a  single 
movement.  There  are  many  facts  opposed  to  this  view — 
BO  many  that  they  form  convincing  evidence  that  at  several 
times  during  the  period  there  were  differential  movements 
which  brought  previously  submerged  local  areas  above 
sea  level.  The  greatest  submergence  of  the  sea,  and  pre- 
sumably the  deepest  submergence,  seems  to  have  been 
near  or  after  the  middle  of  the  Colorado  epoch;  but  even 
at  that  time  it  is  probable  that  there  were  large  islands. 
Local  variations  in  thickness  and  character  of  sediments 
bespeak  the  nearness  of  land  at  some  localities. 

As  examples  in  support  of  this  contention 
were  given  the  Datil  Mountain  area  in  western 
New  Mexico,  where  a  land  flora  was  developed 
in  the  Colorado;  the  Mesaverde  formation  of 
Colorado,  Wyoming,  Utah,  etc.,  which  shows 
extensive  coal  deposits;  various  coal  fields  of 
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the  Colorado  epoch  in  Utah  and  Wyoming; 
coal  and  fresh-water  deposits  in  the  Eagle  and 
Judith  River  formations;  and  finally,  the 
volcanic  activity  which  furnished  material  for 
the  Livingston  formation  in  the  area  about  the 
Crazy  Mountains  in  Montana. 

Stanton  also  devoted  several  pages  to  the 
consideration  of  the  Lance  formation,  including 
its  distribution  and  general  character,  its 
development  in  North  and  South  Dakota,  and 
particularly  the  marine  member  and  its  fauna. 
Regarding  this  fauna  he  said : 

In  my  opinion,  the  invertebrates  from  the  marine  mem- 
ber of  the  Lance  belong  to  a  CretaceouB  fauna.  This  is 
indicated  both  by  their  close  relationship  with  the  Fox 
Hills  fauna  and  by  the  known  paleogeographic  facts  of 
the  late  Cretaceous  and  the  Eocene.  The  fauna  contains 
a  number  of  species  identical  with  Fox  Hills  forms,  others 
that  are  closely  related,  a  few  that  were  ascribed  to  the 
Fox  Hills  but  apparently  were  actually  collected  by  the 
early  explorers  from  beds  now  assigned  to  the  marine  mem- 
ber of  the  Lance,  and  a  considerable  niunber  of  new 
species,  which,  so  far  as  known,  do  not  occur  outside  of 
the  marine  member.  *  *  *  The  fauna  lacks  a  number 
of  common  Fox  Hills  species  and  contains  a  considerable 
proportion  of  new  forms,  so  that  it  may  be  called  a  modified 
Fox  Hills  fauna. 

The  conclusions  reached  are  stated  as  follows: 

*  In  my  opinion,  therefore,  the  conclusion  is  justified 
that  the  Cretaceous  period  did  not  end  in  the  interior 
province  until  the  sea  had  completely  retreated  from  the 
province,  and  that  the  Lance  formation  should  be  assigned 
to  the  Cretaceous. 

The  final  retreat  of  the  Cretaceous  sea  from  the  interior 
province  was  doubtless  associated  more  or  less  closely  with 
local  orogenic  movements  whidi  caused  active  erosion  to 
begin  or  to  increase  in  various  areas;  but  in  other  areas 
within  the  province  the  products  of  this  erosion  were  laid 
down  as  terrestrial  deposits,  which  taken  together  practi- 
cally bridge  the  gap  between  Cretaceous  and  Tertiary. 
The  boundary  between  the  two  systems  in  such  areas  is 
not  marked  by  an  important  break  caused  by  general 
diastroplusm,  because  the  breaks  and  discordance  and 
erosion  intervals  in  an  area  of  continental  deposition  are 
not  dependent  on  the  same  conditions  that  cause  the 
major  breaks  in  marine  sediments.  Even  if  it  be  true 
that  there  was  a  world-wide  movement  at  the  close  of  the 
Cretaceous  which  caused  a  break  between  marine  Creta- 
ceous and  marine  Eocene  in  all  the  areas  where  such 
sediments  are  now  accessible,  such  a  movement  would 
not  necessarily  affect  the  accumulation  of  continental 
deposits  of  detrital  material  in  an  area  already  above  sea 
level,  and  in  this  case  apparently  it  did  not  affect  it.  On 
the  other  hand,  terrestrial  deposits  are  characteristically 
and  necessarily  irregular,  and  the  importance  of  breaks 
and  unconformities  in  them  must  therefore  be  tested  with 
great  care,  using  all  kinds  of  available  evidence. 

The  Lance  formation  is  believed  to  be  Cretaceous  on 
account  of  its  intimate  stratigraphic  relation  with  the  un- 
derl^dng  marine  Cretaceous,  on  account  of  the  close  rela- 


tionship of  its  vertebrate  and  nonmarine  invertebrate 
faunas  with  Cretaceous  faunas,  and  on  account  of  the 
occurrence  in  one  area  of  a  marine  Cretaceous  fauna  within 
the  formation .  This  marine  Cretaceous  invertebrate  fauna 
is  held  to  establish  the  Cretaceous  age  of  the  plants  which 
occur  in  the  beds  beneath  it,  in  spite  of  the  fact  that  these 
plants  are  said  to  belong  to  Eocene  species.  In  other 
areas  where  the  Lance  formation  does  not  include  a  marine 
member  but  has  a  thicker  development  of  strata,  with  a 
large  vertebrate  fauna  of  Mesozoic  types,  it  is  a  fair  infer- 
ence that  the  whole  formation,  with  its  contained  flora,  is 
also  of  Cretaceous  age.  If,  then,  the  Lance  flora  is  in  fact 
a  Cretaceous  flora,  notwithstanding  its  close  relationship 
with  Eocene  floras,  it  is  obvious  that  the  correlation  of 
other  formations  with  known  Eocene  formations  on  the 
evidence  of  fossil  plants  alone  is  open  to  serious  question. 
In  the  case  of  the  Denver  and  Arapahoe  formations  such  a 
correlation  is  directly  opposed  by  the  evidence  of  the  ver- 
tebrate fauna,  which  allies  them  closely  with  the  Lanc^ 
formation. 

In  the  contribution  of  Bamum  Brown  *•  to 
this  symposium  he  stated  that  he  had  been 
''continuously  engaged  since  June,  1900,  in 
the  exploration  of  the  geology,  flora,  and  fauna 
of  three  great  formations  which  in  their  animal 
and  plant  life  bridge  over  the  passage  from 
Cretaceous  to  Eocene  time,  as  determined  by 
the  comparison  with  the  life  of  the  same  epochs 
in  Europe."  These  formations  are  ''Hell 
Greek  formation  of  northern  Montana;  series 
embracing  in  descending  order  Paskapoo,  Ed- 
monton, Fort  Pierre  (upper),  Belly  River  (in- 
tercalation), Fort  Pierre  (lower)  of  Red  Deer 
River,  Alberta;  Ojo  Alamo  formation  of  north- 
em  New  Mexico;  Lance  Creek  formation  of 
Converse  County,  Wyo/' 

In  a  former  paper  Brown  had  described  his 
"Hell  Creek  beds"  as  resting  unconformably 
on  the  underlying  Fox  Hills,  but  this  statement 
he  now  desired  to  modify.  He  described  a 
number  of  localities  in  which  "these  marine 
beds  [Fox  Hills]  have  been  eroded  in  places, 
sometimes  to  a  depth  of  10  feet,  before  the 
succeeding  massive  sandstone  of  the  fresh- 
water 'Lance'  was  deposited."  This  break, 
he  concluded,  "is  evidently  of  local  erosional 
character, "  as  "  the  strata  are,  however,  in  all 
cases  parallel  to  the  bedding  planes  of  the  suc- 
ceeding sandstones. " 

The  Paskapoo  and  Edmonton  formations 
as  exposed  along  Red  Deer  River,  Alberta* 
were  described  at  some  length.  The  conclu- 
sion was  reached  that  the  Paskapoo  has  a 
mammal  fauna  in  which  "  the  multituberculates 

"  Cretaceous  Eocene  correlation  In  New  Mexico,  Wyoming,  Montana, 
Alberta:  Oeol.  Soc.  Xtneriea  Bull.,  vol.  25,  pp.  335^380, 19U. 
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and  trituberculates  are  unmistakably  those  of 
the  Lance,  but  the  placental  mammals  have 
not  been  found  in  the  Lance  and  appear  to 
belong  to  the  Paleocene  groups  of  mammals, " 
while  the  invertebrates  ''are  suggestive  of 
Fort  Union  rather  than  earUer  forms. "  The 
Ekimonton  formation,  although  containing  a 
flora,  at  least  in  the  upper  part,  that  is  un- 
doubtedly indicative  of  Fort  Union  age,  i^as 
concluded  to  be  Cretaceous  and  older  than 
Lance  on  account  of  the  presence  of  a  plesiosaur 
{Levrospondylus) J  a  marine  reptile  ''clearly  of 
Mesozoic  age,"  above  the  plants.  Brown 
concluded  as  follows: 

From  the  vertebrate  and  invertebrate  remains  it  seems 
very  clear  that  these  rocks  are  not  of  Fort  Union  age,  but  as 
shown  by  the  plants  the  climatic  conditions  of  Fort  Union 
time  were  long  foreshadowed  toward  the  close  of  the 
Cretaceous^ 

The  dinosaur-bearing  beds  beneath  the 
Puerco  formation  of  northern  New  Mexico 
were  briefly  described  under  the  name  Ojo 
Alamo  beds. 

The  final  conclusion  of  the  paper  was  as 
follows: 

There  is  no  doubt  that  the  Hell  Creek  beds  were 
synchronous  with  the  Lance,  and  little  doubt  that  the 
Belly  River  and  Ojo  Alamo  beds  should  be  correlated  with 
the  Judith  River.  The  Edmonton  is  intermediate  in  age 
between  the  Judith  River  and  the  Lance. 

'  W.  D.  Matthew  *•  stated  that  the  term  "  Paleo- 
cene" as  he  used  it  "denotes  what  we  have 
been  calling  basal  Eocene,  comprising  the 
Fort  Union,  Puerco  and  Torrejon,  and  other 
equivalent  formations  older  than  Wasatch 
or  typical  lower  Eocene."  Matthew  gave 
lists  of  the  vertebrate  faunas  of  the  Puerco, 
Torrejon,  Paskapoo,  and  Fort  Union  and  made 
comparisons  between  them  and  those  of  the 
Lance  and  Belly  River  and  with  the  Wasatch. 
In  an  interpretation  of  the  faunas  he  stated: 
"The  evidence  of  fossil  vertebrates  in  correla- 
tion is  very  valuable,  provided  it  is  interpreted 
correctly, "  The  difference  between  two  faunas 
may  be  due,  he  said,  to  "lapse  of  time;  differ- 
ence of  local  environment;  migration  move- 
ments representing  a  change  in  environment 
somewhere  else,  not  necessarily  in  the  region 
concerned."  With  these  precautions  in  mind 
Matthew  presented  the  table  reproduced  in 
figure  1. 

**  Evidence  of  the  Paleocene  vertebrate  faut?a  on  the  Cretaceous- 
Tertiary  problem:  Geol.  Soc.  America  Bull,,  vol.  25,  pp.  381-402, 1914. 


The  correlation  of  the  faunas  here  involved 
with  the  European  3uccession  is  of  special 
interest.  It  was  shown  that  the  Thanetian 
(Cernaysian)  has  furnished  a  "small  fauna  of 
mammals  and  reptiles,  comparable  in  facies 
to  our  Torrejon  and  apparently  of  equal  age." 
The  Sparnacian  and  Ypresian,  which  include 
the  London  clay,  the  Argiles  plastique  of  the 
Paris  Basin,  and  equivalents  in  Belgium  and 
elsewhere,  are  equivalent  to  our  Wasatch. 
According  to  Matthew,  the  Puerco,  arbitrarily 
correlated  by  Osborn  with  the  Montian,  "has 
no  certain  equivalent  in  Europe,"  and  he 
stated  that  the  "Lance  is  equally  difficult  to 
correlate,"  as  "there  are  no  European  forma- 
tions of  corresponding  facies  in  the  late 
Cretaceous." 

As  regards  faunal  migrations  and  diastro- 
phism  the  following  statements  were  made: 

*  Ab  I  read  the  evidence  from  the  vertebrates  it  is  to  this 
effect: 

1.  From  the  Belly  River  to  the  Lance  there  is  a  con- 
siderable lapse  in  time,  but  they  represent  the  same 
faunal  facies  and  they  indicate  that  there  was  no  great 
migration  movement  intervening^  and  hence  no  great 
upheaval,  either  continental  or  universal.  There  was  un- 
doubtedly a  considerable  local  uplift  along  the  Rocky 
Mountain  ridges  and  extensive  recession  of  the  sea  from 
the  plains  to  eastward  of  them. 

2.  Between  the  Ijance  and  the  Paleocene  there  is  a  some- 
what smaller  lapse  in  time  but  a  very  marked  change  in 
fauna;  but  they  do  not  represent  the  same  facies,  and 
while  a  great  migration  movement  is  probably  indicated 
by  the  extinction  of  the  dinosaur  phyla  and  incoming 
of  certain  groups  of  placental  mammals  (Creodonta,  Con- 
dylarthra,  etc.),  its  extent  remains  a  little  uncertain. 

3.  Between  the  Paleocene  and  Eocene  a  great  migration 
movement  intervenes,  the  progressive  orders  of  placental 
mammals,  of  turtles,  and  perhaps  other  groups  appearing 
simultaneously  in  Europe  and  North  America.  The  lapse 
of  time  between  the  uppermost  Paleocene  and  lowest 
Eocene  is  slight. 

If,  therefore,  we  are  to  use  diastrophic  criteria  as  the 
basis  of  our  geologic  classification,  the  dividing  line  be- 
tween Cretaceous  and  Tertiary  should  be  drawn  either 
between  the  Lance  and  the  Paleocene  or  between  the 
Paleocene  and  Eocene.  It  should  not  be  drawn  between 
Belly  River  and  Lance. 

The  following  is  Matthew's  conclusion : 

The  question  to  my  mind  shapes  itself  thus:  Does  the 
evidence  conclusively  support  the  present  classification; 
and,  if  not,  is  it  sufficiently  conclusive  to  warrant  our 
changing  it?  I  have  indicated  what  I  regard  as  the  weight 
and  trend  of  the  vertebrate  evidence.  Without  entering 
into  any  detailed  criticism  of  the  stratigraphic  and  paleo- 
botanic  evidence,  a  task  for  which  others  are  far  more  com- 
petent, I  may  say  that  to  me  it  appears  to  be  inconclusive 
because  it  does  not  allow  for  the  characteristics  of  epicon- 
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tinental  formationfi  nor  for  the  varying  faciee  of  faunas 
and  floras;  that  the  asserted  magnitude  of  the  break  be- 
tween Laramie  and  Lance  rests  not  on  evidence  but  on  a 
definition  of  the  Laramie;  and  that  no  really  adequate  evi- 
dence has  been  adduced  of  its  relations  to  the  Cretaceous- 
Tertiary  break  in  Europe.  The  paleobotanic  argument 
for  placing  the  Lance  in  the  Tertiary  is  the  resemblance 


their  absence  from  the  Laramie  is  obviously  due  to  a  differ- 
ence in  environmental  conditions.  The  facies  of  the 
fauna  is  different,  and  much,  if  not  all,  of  the  difference 
in  flora  should  be  ascribed  to  this  cause. 

For  these  and  many  other  reasons  the  evidence  in  favor 
of  transferring  the  Lance  and  associated  formations  to  the 
Tertiary  appears  to  me  inconclusive  and  is  directly  in 
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FiovRX  1.— Approximate  correlations  of  typical  formations  of  late  Cretaceous  and  early  Tertiary  in  Europe  and  western  America,  based  on 

their  vertebrate  (iMinas.    After  W.  D.  Matthew,  Oeol.  8oc.  America  Bull.,  vol.  25,  p.  393, 1914. 


of  its  flora  to  that  of  the  Paleocene  and  its  great  difference 
from  that  of  the  true  I>aramie.  But  ther^  is  no  evidence 
that  the  Lance  flora  was  absent  from  Europe  in  the  late 
Cretaceous,  and  the  Laramie  clearly  represents  a  different 
facies  from  the  Lance.  Dr.  Knowlton  has  insisted  strongly 
on  the  entire  absence  of  dinosaurs  in  the  true  Laramie, 
apparently  with  the  idea  that  it  showed  it  to  be  much  older 
than  the  Lance.  But  as  the  same  phyla  of  dinosaurs  are 
present  in  the  older  Belly  River  and  in  the  newer  Lance, 


conflict  with  the  evidence  from  fossil  vertebrates,  so  far 
as  I  am  able  to  understand  it. 

The  final  paper  of  the  symposium  was  pre* 
sen  ted  by  W.  J.  Sinclair  ^  and  later  published 
under  joint  authoriship  with  Walter  Granger. 

w  Sinclair,  W.  J.,  and  Granger,  Walter,  Paleocene  deposits  of  the  San 
Juan  Basin,  N.  Hex.:  Am.  Mus.  Nat.  Hist.  Bull.,  vol.  33,  pp.  297-316, 
1914. 
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As  the  title  indicates,  the  authors  were  con- 
cerned principally  with  the  lower  Eocene  mam- 
mal-bearing formations  and  only  incidentally 
with  the  underlying  dinosaur-bearing  beds. 
As  this  phase  of  the  paper  is  treated  at  length 
under  the  discussion  of  the  San  JuaU'Basin  (pp. 
69-76)  it  need  not  be  further  considered  here. 

In  May,  1914,  after  a  prolonged  discussion 
of  all  the  lines  of  evidence  then  available,  it 
was  decided  by  the  United  States  Geological 
Survey  that,  so  far  at  least  as  its  official  publi- 
cations are  concerned,  the  Lance  formation 
is  to  be  classed  as  "Tertiary  (?)'*  instead  of 
"Cretaceous  or  Tertiary,"  as  previously,  and 
that  the  Arapahoe,  Denver,  Dawson  arkose, 
and  Raton  formations,  with  which  I  believe 
the  Lance  formation  to  be  in  part  synchronous, 
are  t6  be  diMSsed  as  Eocene  instead  of  Cretaceous. 

One  of  the  first  places  in  which  this  newer 
interpretation  of  the  position  of  the  Lance 
formation  appears  was  a  paper  by  Bauer,** 
published  in  1914.  This  paper  presented  the 
results  of  an  examination  of  an  area  in  north- 
eastern Montana  along  the  north  border  of  the 
Fort  Peck  Indian  Reservation.  The  only 
sedimentary  formations  present  are  the  Lance 
and  Fort  Union.  Concerning  the  line  between 
them  Bauer  said : 

Owing  to  the  abeence  of  a  sharp  lithologic  boundary 
between  the  formations  and  to  the  lack  of  exposures  near 
the  critical  horizon  in  this  field  and  also  in  the  northern 
part  of  the  reservation,  the  accurate  mapping  of  the  Lance- 
Fort  Union  boundary  is  impossible.  In  drawing  the  line 
shown  on  the  map  the  known  outcrops  of  somber-colored 
beds  are  considered  to  belong  to  the  Lauco,  and  those  of 
yellow  beds  to  the  Fort  Union.  *  *  ♦  Its  [the 
Lance's]  separation  from  the  overlying  Fort  Union  forma- 
tion is  thus  based  on  its  stratigraphic  position  and  litho- 
logic character.  In  these  particulars  it  agrees  with  the 
Lance  formation  as  recognized  in  other  areas  in  eastern 
Montana  and  in  North  Dakota,  where  it  is  further  charac- 
terized by  a  dinosaur  fauna  which  has  not  been  found  in 
the  Fort  Union.  Formerly  the  Survey  considered  the 
evidence  of  the  age  of  the  Lance  so  conflicting  that  it  was 
ascribed  to  the  Cretaceous  or  Tertiary,  but  recently  the 
close  correlation  of  the  Lance  flora  with  that  of  well- 
determined  Tertiary  formations  of  the  Gulf  coast,  con- 
sidered together  with  the  mountain-making  movements 
that  are  supposed  to  have  immediately  preceded  the  de- 
position of  the  strata,  has  led  the  Survey  to  assign  the 
formation  to  the  Tertiary  (?)  system. 

A  small  coal  area  on  the  west  side  of  Big 
Horn  River,  Mont.,  in  the  angle  formed  by  its 

"  Bauer,  C.  M.,  Lignite  in  the  vicinity  of  Plentywood  and  Scobey, 
Sheridan  County,  Mont.:  U.  S.  Geol.  Survey  Bull.  541,  pp.  293,  315, 
lOM. 


junction  with  the  Yellowstone,  was  described 
by  Rogers."  The  strata  examined  are  mainly 
referable  to  the  Lance  formation,  concerning 
which  Rogers  said : 

The  Lance  formation  in  this  area  miiy  be  divided  into 
two  parts,  namely,  a  coal-bearing  member,  wHi'ch^'com- 
prises  the  upper  250  feet,  and  a  lower  portion  about  900 
feet  thick.  This  distinction  is  made  partly  on  lithologic 
grounds  and  partly  because  of  the  slight  difference  in  the 
fossils  found  in  the  two  divisions. 

In  the  same  volume  with  the  two  papers 
just  mentioned  was  one  by  Uoyd "  on  the 
lignite  field  of  the  Cannonball  River  region, 
N.  Dak.  The  four  principal  sedimentary  for- 
mations recognized  were  the  Fox  Hills  sand- 
stone. Lance,  Fort  Union,  and  White  River 
(Oligocene).  Concerning  the  Fort  Union  and 
Lance  formations  he  said: 

The  Fort  Union  formation,  of  the  lower  part  of  the 
Tertiary  system  (E^ene),  which  contains  the  greater  part 
of  the  valuable  lignite  in  the  Dakotas  and  eastern  Mon- 
tana, embraces  the  surface  rocks  in  the  western  and 
northwestern  parts  of  the  Cannonball  River  field.  Under- 
neath the  Fort  Union  is  a  series  of  beds  which  are  now 
tentatively  classified  as  probably  of  early  Tertiary  age  and 
which  have  been  referred  to  the  Lance  formation.  The 
upper  250  or  300  feet  of  this  formation  is  in  the  field 
markedly  different  in  lithologic  character  from  the  under- 
lying more  typical  Lance  and  has  been  found  at  numerous 
places  to  contain  the  remain^  of  a  marine  fauna  which 
has  not  previously  been  known  in  this  part  of  the  strati- 
graphic  section.  These  beds  have  been  mapped  separ- 
ately and  are  herein  designated  the  Cannonball  marine 
member  of  the  Lance  formation.  The.  underlying  lower 
part  of  the  Lance  is  of  fresh-water  origin  and  is  composed 
of  alternating  beds  of  shale  and  sandstone  which  on  erosion 
give  rise  to  the  badlands  described  above.  Its  thickness 
is  approximately  400  feet. 

The  fauna  of  the  Cannonball  member  was 
alluded  to  as  follows:  **In  the  Cannonball 
River  field  several  collections  of  marine  in- 
vertebrate fossils  made  from  the  Cannonball 
member  *  *  *  have  been  identified  by 
T.  W.  Stanton  as  belonging  to  a  modified  Fox 
Hills  fauna/' 

In  1915  Lloyd  and  Hares"  described  in 
considerable  detail  the  areal  distribution, 
lithologic  character,  and  stratigraphic  relations 

"  Rogers,  Q.  S.,  Geology  and  coal  resoorces  of  the  area  southwest  of 
Custer,  Yellowstone  and  Big  Horn  counties,  Mont.:  U.  S.  Oeol.  Surv6y 
Bull.  541,  pp.  316-328,  1914. 

"  Lloyd,  E.  R.p  The  Cannonball  River  lignite  field,  Morton,  Adams, 
and  Hettinger  counties,  N.  Dak.:  U.  S.  Oeol.  Survey  Bull.  641,  pp.  243- 
292,  1914. 

**  Lloyd,  £.  R.,  and  Hares,  C.  J.,  The  Cannonball  marine  member  of 
the  Lance  formation  of  North  and  South  Dakota  and  its  bearing  en  the 
Lance-Laramie  problem:  Jour.  Geology,  vol.  23,  pp.  523-547,  1915. 
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of  the  Cannonball  member  and  argued  for  its 
probable  Cretaceous  age.*    They  wrote: 

Field  examinations  by  the  writers  and  the  paleonto- 
logical  determinations  by  Drs.  Stanton  and  Knowlton 
during  the  years  1912  and  1913  show  that  in  a  lai^ge  area 
west  of  Missouri  River  in  North  and  South  Dakota  the 
Lance  fontaation  consists  of  two  distinct  parts — a  lower 
nonmarine  part  containing  a  flora  very  similar  to  if  not 
identical  with  that  of  the  Fort  Union,  and  an  upper  marine 
member  containing  a  fauna  closely  resembling  but  not 
identical  with  that  of  the  Fox  Hills  sandstone.  This 
upper  part,  on  account  of  its  peculiar  fauna,  has  been 
mapped  separately  and  named  the  CannonbaU  marine 
member  of  the  Lance  formation.  Farther  west  nonmarine 
beds  bearing  lignite  and  occupying  a  similar  stratigraphic 
3)08ition  have  been  named  the  Ludlow  lignitic  member 
of  the  Lance. 

After  describing  the  areal  distribution  and 
giving  a  number  of  sections  of  the  strata,  they 
proceeded  to  a  discussion  of  interrelationships. 
The  fauna  of  the  Cannonball  was  studied  by 
T.  W.  Stanton,  who  wrote  concerning  it  as 
follows: 

The  fauna  of  the  Cannonball  member  of  the  Lance  may 
now  be  characterized  as  a  modified  Fox  Hills  fauna.  It 
contains  a  considerable  proportion  of  undescribed  species 
of  Cretaceous  affinities,  and  it  is  noteworthy  that  a  number 
of  the  most  common  Fox  Hills  species  have  not  been  dis- 
covered in  this  fauna.  *  *  *  In  this  list  of  about  40 
forms  there  are  21  named  species  and  varieties,  of  which 
15  occur  in  the  Fox  Hills,  4  occur  in  the  Pierre,  and  5  were 
originally  described  from  rocks  now  known  to  belong 
to  the  marine  member  of  the  Lance.  One  species,  Ccr- 
bieula  cytherifcrmii,  was  described  from  the  Judith  River 
formation  and  is  known  in  the  Mesaverde  formation  and 
the  Lance  of  other  areas. 

After  presenting  and  weighing  the  several 
lines  of  evidence  that  may  be  used  in  fixing 
the  age  of  Jbhe  Cannonball,  these  authors  con- 
cluded as  follows: 

A  recent  detailed  consideration  of  all  the  evidence  has 
led  to  a  decision  by  the  United  States  Geological  Survey 
that  the  Denver  and  Arapahoe,  Dawson,  and  Raton  forma- 
tions in  Colorado  and  New  Mexico  all  be  placed  in  the 
Tertiary  system.  This  decision  was  based  primarily  on 
the  correlation  of  these  formations  with  the  Wilcox  forma- 
tion of  the  Gulf  region  on  the  evidence  of  their  fossil  floras 
and  also  on  the  consequent  correlation  of  the  unconformi- 
ties in  the  two  regions.  Although  the  Lance  formation  is 
believed  to  be  of  the  same  age  as  the  Denver,  Raton,  and 
''Upper  Laramie,"  it  is  classified  by  the  United  States 
Geological  Survey  as  Tertiary  (?),  the  doubt  being  thus 
expressed  on  account  of  the  Cretaceous  character  of  the 
CannonbaU  marine  fauna.  The  writers  believe  that 
greater  weight  should  be  given  to  the  evidence  of  the 
marine  faunas  and  the  dinosaurs,  and  that,  in  view  of  the 
strong  evidence  presented  by  these  faunas,  the  correla- 
tions made  on  the  basis  of  fossil  floras  should  not  be 
considered  as  conclusive. 


In  a  final  footnote  they  added  that  ''further 
studies  on  the  Lance  problem  have  strength- 
ened the  conviction  of  the  writers  that  the 
Lance  is  Cretaceous/' 

70BT  ITMION  FOUCATIOM. 

The  early  history  of  the  Fort  Union  forma- 
tion, or  "Great  Lignitic/'  as  it  was  at  first  called, 
has  been  sufficiently  set  forth  in  the  preceding 
pages.  In  fact,  it  was  not  until  the  Laramie 
was  established  that  the  element  of  discord  was 
introduced  which  gave  rise  to  so  much  subse- 
quent discussion  and  difference  of  opinion. 
Most  of  the  geologists  and  paleontologists  who 
had  studied  the  Fort  Union  contended  for  its 
Tertiary  age,  and  Newberry,  who  investigated 
the  flora,  was  at  first  inclined  to  refer  it  to  the 
Miocene.  It  appears  that  Hayden  was  in  the 
end  more  or  less  responsible  for  promulgating 
what  has  since  been  accepted  as  an  erroneous 
view  regarding  the  relation  of  the  Fort  Union 
to  the  Laramie.  When  the  Laramie  was 
adopted  by  Hayden,  he  made  it  include  or  at 
least  be  equivalent  to  the  Fort  Union,  as  the 
following  statement  shows:** 

If  objection  is  made  to  the  use  of  the  term  '* Lignitic" 
group,  I  would  say  that  in  this  work  it  is  restricted  to  a 
series  of  coal-bearing  strata  lying  above  the  Fox  Hills 
group,  or  Upper  Cretaceous,  and  these  are  embraced  in  the 
divisions  I.4iramie  and  Fort  Union. 

On  the  same  page  Hayden  continued : 

As  far  back  as  1859  it  was  my  belief,  founded  on  what 
appeared  sufficient  evidence,  that  the  sequence  between 
the  well-characterized  Cretaceous  strata  and  those  of  the 
Lignite  group,  as  defined  at  that  time,  was  continuous, 
and  that  the  chasm  that  was  supposed  to  exist  between  the 
Cretaceous  and  the  Tertiary  epoch  would  be  found  to  be 
bridged  over. 

He  then  proceeeded  to  quote  Dr.  C.  A.  White, 

who,  he  said, 

had  made  a  critical  examination  of  these  formations  during 
the  past  season,  and  he  says  that  his  investigations  have 
freely  confirmed  the  views  expressed  by  me  some  years  ago 
and  indicated  by  the  paleontological  studies  of  Mr.  Meek, 
that  the  Fort  Union  beds  of  the  upper  Missouri  River  are 
the  equivalent  of  the  Lignitic  formation  to  it  exists  along 
the  base  of  the  Rocky  Mountains  in  Colorado. 

Inasmuch  as  the  Fort  Union  was  regarded 
as  equivalent  to  the  lignite-bearing  beds  east 
of  the  mountains  in  Colorado,  which  fell 
within  the  typical  areas  included  by  King  in 
the  Laramie,  it  of  course  followed  that  the 

M Hayden,  F.  V.,  letter  of  trananiittal  for  Leequereax'a  "Tertiary 
I  flora":  U.  8.  Oeol.  Survey  Terr.  Rept.,  toI.  7,  p.  It,  1878. 
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Fort  Union  was  regarded  by  Hayden  as  of  the 
same  age  as  the  Laramie,  if  not,  indeed,  in- 
cluded in  it.  ' 

As  is  well  known,  Hayden  originally  consid- 
ered all  of  his  Laramie  (Laramie  and  Fort 
Union)  as  of  Tertiary  age,  but  his  latest  con- 
clusion was  that  the  whole  mass  was  of  a  transi- 
tional character — that  is,  it  formed  beds  of  pas- 
sage between  the  Cretaceous  and  Tertiary. 
Newberry  *•  in  commenting  on  this  conclusion 
said:  '^It  is  easy  to  see  that  this  result  was 
inevitable,  after  he  had  united  an  Upper  Cre- 
taceous with  a- Tertiary  formation  under  one 
name." 

Clarence  King,  however,  did  not  accept 
Hayden 's  reference  of  the  Fort  Union  to  the 
Laramie.  When  preparing  the  final  volume 
on  the  systematic  geology  of  the  vicinity  of 
the  fortieth  parallel,  he  had  before  him 
Lesquereux's  ''Tertiary  flora,"  above  quoted, 
and  after  admitting  that  he  had  never  visited 
the  locality  and  could  not  therefore  "speak 
with  any  definiteness, "  he  added  (p.  353) : 

I  consider  it  worth  while  to  point  out  here  a  noticeable 
ambiguity  in  its  evidence.  Cope,  in  his  introduction  to 
his  volume  on  the  Cretaceous,  cites  dinosaurs  as  coming 
from  the  Fort  Union,  from  which  he  refers  the  fauna  to 
the  Meaozoic  series.  On  the  other  hand,  the  character- 
istic plant  life  of  the  country  differs  entirely  from  that 
described  by  Lesquereux  in  Volume  II,  Tertiary  flora. 
It  is  noticeable  that  he  nowhere  describes  in  that  volume 
any  of  the  plants  from  the  classic  Fort  Union  locality, 
a  series  which  has  been  studied  by  Newberry  and  which 
contains  not  only  a  general  resemblance  but  some  actual 
species  identical  with  the  Miocene  of  Greenland  and 
northern  Europe.  ♦  ♦  ♦  Until  fresh  evidences  of 
the  stratigraphical  relations,  and  a  full  discussion  of  the 
fauna  of  the  whole  series  of  rocks  at  Fort  Union  is  fully 
made,  a  definite  correlation  is  impossible,  and  at  present 
writing  the  entire  difference  between  the  plants  at  Fort 
Union  and  anything  in  Colorado  or  Wyoming  that  is  of 
value  at  all  suggests  that  they  can  not  be  related  to  any 
of  the  southern  groups.  I  apprehend  that  the  plant 
horizon  at  Fort  Union  will  be  found  to  be  nothing  but  a 
northward  extension  of  the  White  River  Miocene. 

King's  reference  of  the  Fort  Union  to  the 
White  River  has  not  of  course  been  sustained, 
but  otherwise  his  suggestions  have  proved  to 
be  wonderfully  near  the  truth. 

C.  A.  White  did  much  to  mei^ge  the  Fort 
Union  in  the  Laramie.     In  fact,  in  what  was 

«  Newberry,  J.  S.,  The  Laramie  group:  New  York  Acad.  Sci.  Trans., 
voL  9,  p.  3, 1880  (reprint). 


perhaps  his  last  utterance  '^  on   the  subject 
he  said: 

The  localities  at  which  Laramie  strata  were  first  studied 
by  geologists  were  often  distant  from  one  another,  and 
they  were  not  then  recognized  as  constituting  one  great 
formation.  *  *  *  These  deposits  consequently  re- 
ceived a  different  name  in  each  district.  They  thus  have 
received  such  names  as  Fort  Union  group,  Judith  River 
group,  Lignitic  group,  and  Bitter  Creek  series.  The  term 
Lignitic  soon  came  to  be  applied  to  the  strata  of  several 
districts  which  are  now  included  in  the  Laramie. 

It  was  not  possible,  according  to  White,  to 
distinguish  between  Fort  Union  and  Laramie 
by  the  invertebrates,  and  this  view  was 
generally  entertained  by  paleontologists  for 
many  years  thereafter. 

The  influence  of  what  are  now  known  to  have 
been  the  erroneous  views  of  Hayden,  White, 
and  others  is  well  shown  in  Ward's  elaborate 
paper  ^'Synopsis  of  the  flora  of  the  Laramie 
group,"  "*  in  which  he  included  in  the  Laramie 
not  only  the  Fort  Union  but  also  beds  now 
known  to  belong  to  the  Montana,  Arapahoe, 
Denver,  Lance,  and  other  formations.  It 
should  not  be  presumed,  however,  that  he  failed 
to  note  that  there  were  striking  differences  be- 
tween the  typical  Laramie  flora  and  that  of  the 
Fort  Union,  but  he  was  misled  by  the  opinion 
of  the  time  that  all  the  formations  he  included 
formed  an  unbroken  sedimentary  sequence. 
His  investigation  was  undertaken  primarily  to 
ascertain  the  bearing  of  the  plants  on  the  ques- 
tion of  the  age  of  the  Laramie,  but  naturally  it 
failed  in  reaching  definite  results.  In  this  pa- 
per Ward  described  many  new  forms  from  a 
great  many  localities  and  horizons,  though  so 
many  were  from  the  Fort  Union  that  New- 
berry,'* in  commenting  on  it,  said:  '*But  his 
monograph  as  a  whole  is  simply  an  important 
contribution  to  what  was  before  known  of  the 
Fort  Union  flora." 

It  is  undoubtedly  to  J.  S.  Newberry  that  most 
credit  is  due  for  keeping  alive  and  insisting 
upon  the  distinctness  of  the  Fort  Union  from 
the  Laramie.  From  the  beginning  of  his 
studies  of  the  material  collected  by  Hayden  in 

f  White,  C.  A.,  Correlation  papers— Cretaceous:  U.  S.  Geol.  Survey 
Bull.  82,  p.  147, 1891. 

M  Ward,  L.  F.,  U.  S.  Geol.  Survey  Sixth  Ann.  Kept.,  pp.  3«h567, 
pis.  31-^,  1886. 

*•  Newb«Ty,  J.  S.,  The  Laramie  group:  New  York  Acad.  Sci.  Trans., 
vol.  0,  p.  4, 1889  (reprint). 
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the  fifties  until  his  death  he  maintained  its 
Tertiary  age.  In  the  paper  above  quoted  he 
said: 

Whether  the  Laramie  is  CretaceouB  and  the  Fort  Union 
Tertiary  are  other  questions,  but  they  are  certainly  distinct 
from  esu;h  other— distinct  in  the  general  botanical  facies  of 
their  floras  as  well  as  in  the  absence  of  common  species. 
That  the  Fort  Union  is  Tertiary  there  can  be  no  reasonable 
doubt;  it  has  many  species  in  common  with  the  recognized 
Tertiary  in  the  Canadian  provinces  of  North  America,  in 
Greenland,  and  in  the  British  islands,  and  it  contains  some 
plants  which  are  living  at  the  present  day,  such  as  Onoclea 
sennbilUf  Taxodium  distichunif  Coryltts  americaruif  C. 
rostrataf  etc.  Moreover,  the  grouping  of  the  plants  com- 
posing it  gives  it  a  facies  which  enables  one  to  recognize  it 
at  a  glance.  The  abundance  of  species  and  specimens  of 
PopuluSf  Viburnum^  and  Corylus  imparts  to  it  an  aspect  as 
different  from  that  of  the  flora  of  the  Laramie  as  are  the 
recent  floras  of  Europe  and  America  from  each  other. 

In  his  last  published  utterance  on  this  subject 
Newberry  *^  made  the  following  emphatic 
statement : 

The  floras  of  the  Laramie  and  Fort  Union  groups  are 
totally  distinct,  and  these  formations  should  be  referred  to 
different  geological  systems — the  Fort  Union  to  the  Ter- 
tiary and  the  Laramie  to  the  Cretaceous. 

In  1896  W.  H.  Weed  **  published  a  short 
paper  entitled  *'The  Fort  Union  formation," 
in  which,  after  briefly  reviewing  the  early  his- 
tory of  the  Fort  Union  and  Newberry's  con- 
tention that  it  should  be  referred  to  the  Ter- 
tiary, he  described  the  geologic  section  in  the 
vicinity  of  the  Crazy  Mountains,  in  Montana, 
where,  he  said,  the  Fox  Hills,  Laramie,  Living- 
ston, and  Fort  Union  formations  are  super- 
imposed. This  view  I  hold  to  be  in  the  main 
correct,  although,  as  will  be  shown  later  in  the 
discussion  of  the  Livingston  formation,  there 
are  many  who  do  not  accept  it.  In  any  event, 
it  was  made  plain  that  the  Fort  Union  forma- 
tion of  this  region  was  above  beds  that  should 
properly  be  referred  to  the  Laramie  or  were 
in  its  position. 

More  than  25  years  ago  I  became  convinced 
of  the  correctness  of  Newberry's  conclusion  as 
to  the  Tertiary  age  of  the  Fort  Union  formation, 
and  in  many  papers  and  reports  published 
since  that  time  I  have  consistently  adhered  to 
this  view.  It  is  perhaps  not  necessary  further 
to  allude  to  these  papers,  nor  is  it  possible  to 
fix  an  exact  date  on  which  the  Fort  Union 
became  generally  accepted  as  a  Tertiary  unit. 

«*  Newberry,  J.  S.,  The  Laramie  group:  Geol.  Soc.  America  Bull., 
vd.  1,  p.  525, 1800. 
^  Am.  Geologist,  vol.  12,  pp.  201>211, 1996. 


The  term  with  the  present  accepted  applica- 
tion has  been  in  current  use  for  a  dozen  years 
or  more  and  apparently  is  no  longer  seriously 
questioned. 

As  an  example  of  the  completeness  of  this 
change  mention  may  be  made  of  the  treatment 
of  the  Fort  Union  in  the  reports  of  the  Geologi- 
cal Survey  of  North  Dakota.  Thus,  in  the 
third  biennial  report  of  the  State  geologist, 
published  in  1904,  the  term  Fort  Union  does 
not  occur,  all  beds  under  consideration  being 
referred  to  the  Laramie,  but  in  the  fifth  biennial 
report,  issued  in  1908,  the  conditions  were 
reversed  and  the'  Laramie  was  no  longer 
accepted  as  present,  all  the  beds  being  referred 
to  the  Fort  Union  or  Lance.  In  a  geologic 
map  of  North  Dakota,  published  by  A.  G. 
Leonard^'  in  1913,  the  Laramie  was  not  recog- 
nized, but  nearly  half  of  the  State  was  shown 
to  be  covered  by  the  Fort  Union  formation. 
In  the  text  accompanying  this  map  Leonard 
said: 

The  Fort  Union  is  one  of  the  best-known  formations  of 
the  Northwest.  It  covers  a  vast  area  east  of  the  Rocky 
Mountains,  stretching  from  Wyoming  to  the  Arctic  Ocean 
in  the  valley  of  the  Mackenzie  River  and  including  part 
of  several  Canadian  provinces,  much  of  western  North 
Dakota,  eistem '  Montana,  northwestern  South  Dakota, 
and  central  and  eastern  Wyoming. 


tt 


LA&AMIS''  IN  THB  CANADIAN  FBOVINCXS. 


It  appears  that  as  early  as  1873  George  M. 
Dawson,  while  acting  as  geologist  to  the  British 
North  American  Boundary  Commission,  noted 
the  presence  at  certain  points  along  the  inter- 
national boundary  of  lignite-bearing  beds  that 
he  identified  with  the  '^  Great  Lignitic  or  Fort 
Union  group''  of  Hayden,  as  exposed  along 
Missouri  River.  This  view  was  affirmed  the 
following  year  in  an  article  on  the  '^Lignite 
formations  of  the  West,''  ^  in  which  this  state- 
ment was  made: 

In  \iew  of  the  evidence  of  the  preponderant  animal  and 
vegetable  forms,  it  seems  reasonable  to  take  the  well-marked 
base  of  the  Lignite  aeries  as  that  of  the  lowest  Tertiaiy,  at 
least  at  present.  The  formations  described  belong  to  this 
lowest  Tertiary,  being  in  fact  an  extension  of  Hayden's  Fort 
Union  group,  and  from  analogy  may  be  called  Eocene. 

So  far  as  I  have  been  able  to  ascertain,  the 
term  Laramie  was  first  applied  in  the  Canadian 
provinces  also  by  Dawson  **  in  his  *  *  Report  on 

<>-The  geolos;ical  map  of  North  Dakota:  North  Dakota  Univ.  Quart. 
Jour.,  vol.  4,  No.  1,  October,  1913. 

4>  Dawson,  O.  M.,  Canadian  Naturalist,  new  ser.,  vol.  7,  p.  252,  1874. 

**  Dawson,  O.  M.,  Canada  Qeol.  Survey  Rept.  Progress  for  1879-80,  pp . 
127-134B. 
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an  exploration  from  Fort  Simpson,  on  the 
Pacific'  coast,  to  Edmonton,  on  the  Saskatche- 
wan, embracing  the  northern  part  of  British 
Columbia  and  the  Peace  ]£iyer  country."  In 
discussing  the  Peace  River  section  he  several 
times  alluded  to  the  Laramie  as  following  the 
Fox  Hills  conformably,  but  whether  he  in- 
teaded  to  refer  it  to  the  Cretaceous  or  the 
Tertiary  is  not  quite  clear,  though  in  a  ''com- 
parative table  of  Cretaceous  rocks"  he  made 
the  so-called  Laramie  equivalent  to  the  Fort 
Union  and  Judith  River  beds  of  Nebraska  and 
Missouri  rivers  and  also  to  the  ''Lignite 
Tertiary"  of  the  forty-ninth  parallel. 

A  year  or  two  later,  in  his  preliminary  paper 
on  the  "Geology  of  the  Bow  and  Belly  River 
region,"  Dawson  *'  took  occasion  to  define  the 
use  of  Laramie  as  follows : 

The  term  Laramie  is  used  in  a  general  sense  for  the  Upper 
Cretaceous  or  lower  Eocene  beds  which  overlie  the  Fox 
Hills  series  (Cretaceous  No.  4).  It  is  not  intended  by  its 
use  to  differentiate  the  beds  so  named  from  those  of  the 
Judith  River  and  Fort  Union  series,  with  which  thry  may 
be  found  to  blend  as  the  intervening  district  is  more  com- 
pletely explored. 

In  describing  the  general  arrangement  of 
the  beds  in  the  Belly  River  region,  Dawson 
gave  the  following  section: 


Beds  of  the  Porcupine  Hills,  chiefly  thick- 
bedded  sandstones  and  some  ^ales. 

Willow  Creek  series.  Reddish  and  purplish 
clays  with  gray  and  yellow  sandstone^^. 

Laramie. 

St.  Mary  River  series.  Sandstones,  shales, 
and  clays  of  general  grayish  or  grayi^- 
green  colore. 

Yellowish  sandstones  and  shaly  beds,  with  a 
mingling  of  fresh-water  and  brackish  or 
marine  mollusks. 

Fox  Hills. 

Yellowish  sandstones,  with  some  shales,  ir- 
regular in  thickness  and  character.  Mol- 
lusks all  marine. 

Pierre. 

Blackish  and  lead-colored  shales,  etc. 

Niobrara  (7). 


Belly  River  series. 


The  complete    report  on  the  '^country  in 
the  vicinity  of  Bow  and  Belly  rivers,  North- 

M  Dawson,  O.  M.,  Canada  Oeol.  Survey  Rept.  Progress  for  1880-1882, 
p.  2b,  1883. 


west  Territory,"  was  published  by  Dawson** 
in  1885.  In  this  report  the  descriptions  of 
the  '^ Laramie"  are  amplified  and  the  thick- 
ness given.  Thus  the  Porcupine  Hills  beds  are 
given  a  thickness  of  2,500  feet,  the  Willow 
Creek  beds  450  feet,  and  the  St.  Mary  River 
beds  2,800  feet. 

Dawson  *^  continued  his  explorations  in  the 
Canadian  Rocky  Mountains,  his  report  pub- 
lished in  1886  including  that  portion  from  the 
international  boundary  northward  to  the  head- 
waters of  Red  Deer  River.  In  this  report 
he  alluded  many  times  to  the  presence  of  the 
''Laramie"  but  always  with  the  signification 
already  given  to  it. 

In  the  same  volume  R;  G.  McConnell  *•  pub- 
lished a  ''Report  on  the  Cypress  Hills,  Wood 
Mountain,  and  adjacent  country  in  Assiniboia," 
in  which  he  referred  to  the  current  imcertainty 
regarding  the  position  of  the  "Laramie"  and 
adopted  the  view  that  it  is  probably  transi- 
tional between  Cretaceous  and  Tertiary.  In 
the  Cypress  Hills  and  vicinity,  according  to 
McConnell,  it  is  apparently  conformable  to  the 
Fox  Hills  sandstone  and  of  small  thickness,  but 
in  the  Wood  Mountain  region  it  was  found 
to  be  better  represented  and  in  some  places 
capable  of  being  divided  into  three  "somewhat 
dissimilar  groups."  He  quoted  extensively 
from  Dawson's  report  of  1875. 

In  the  following  year  (1887)  J.  B.  Tyrrell" 
presented  an  important  paper  on  northern 
Alberta  and  adjacent  districts  in  Assiniboia 
and  Saskatchewan,  in  which  he  made  a  com- 
plete realinement  of  the  "Laramie,"  although 
still  using  it  as  a  group  term.  He  established 
the  Edmonton  and  Paskapoo  series  in  substitu- 
tion for  the  names  proposed  by  Dawson.  As 
these  terms  have  now  come  into  wide  usage 
the  formations  may  be  described  at  some  length. 

The  Edmonton  series,  which  comprises  the 
lower  700  or  800  feet  of  Dawson's  St.  Mary 
River  series,  was  described  as  follows: 

This  is  perhaps,  on  the  whole,  the  most  characteristic 
series  of  the  entire  region,  for  though  its  thickness,  wher- 
ever determinable,  was  never  found-  to  exceed  700  feet, 
the  horizontal  position  of  the  strata  causes  it  to  underlie 
a  very  large  extent  of  country. 

^  DBwsoa,  O.  M.,  Canada  Oeol.  Survey  Rept.  Progress  for  1882-1884, 
pp.  1-159C,  1885. 

tf  Dawson,  O.  M.,  Canada  Oeol.  and  Nat.  Hist.  Survey  Ann.  Rept., 
new  ser.,  vol.  1,  for  1885,  pp.  1-109B,  1886. 

<•  Idem,  pp.  1-85C. 

«•  Canada  Oeol.  and  Nat.  Hist.  Survey  Ann.  Rept.,  new  ser.,  vol.  2, 
lor  1886,  pp.  1-176K,  1887. 
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It  consiBte  generally  of  whitiflh  or  light-gray  clay  and 
soft  clayey  sandstone,  weathering  very  rapidly,  with  more 
or  less  rounded  outlines.  In  some  places,  as  on  Red  Deer 
River  and  in  the  Hand  Hills,  it  is  seamed  with  a  great 
number  of  beds  of  ironstone,  which  with  thin  beds  of  lig- 
nite and  lignitic  shale  give  a  definite  banded  character  to 
all  the  escarpments.  It  also  contains  a  great  number  of 
nodules  of  compact  ironstone,  which  are  often  perched  on 
little  pinnacles  cut  out  of  the  soft  sandstone.  I  n  the  north- 
em  portion,  especially  along  the  North  Saskatchewan,  the 
banded  appearance  is  seldom  seen,  though  with  the  ex- 
ception of  a  smaller  quantity  of  ironstone,  the  rock  has 
very  much  the  same  character  as  further  south. 

This  is  essentially  the  coal-bearing  horizon  within  the 
district,  all  the  coal  found  east  of  the  foothills,  except 
probably  the  seams  on  the  upper  North  Saskatchewan  and 
at  Egg  Creek,  being  of  this  age.  The  top  of  the  formation 
is  marked  by  an  extensive  coal  deposit  seen  first  in  the 
Wintering  Hills  as  a  thin  bed  of  carbonaceous  shale,  but 
on  being  traced  northward  is  found  to  thicken  very  greatly, 
till  on  the  North  Saskatchewan,  neir  Goose  Encampment, 
it  has  a  thickness  of  25  feet.  The  bottom  of  the  series  lies 
confc^rmably  on  the  Pierre  shales,  without  any  sharp  line 
of  demarcation  between  the  two.  In  fact,  the  shales 
gradually  lose  their  massive  character  and  change  almost 
insensibly  into  thin  beds,  which  are  of  decidedly  brackish- 
water  origin.  In  the  Pierre  remains  of  land  plants  and 
animals  are  very  rare,  while  here  traces  of  land  plants 
become  fairly  plentiful,  and  on  Red  Deer  River  dino- 
saurian  bones  are  met  with  in  great  abundance,  showing, 
with  the  presence  of  estuarine  shells,  the  partly  land- 
locked character  of  the  area  within  which  the  beds  were 
deposited. 

Toward  the  west  the  Edmonton  gradually 
disappears  beneath  the  overlying  beds  of  the 
PaskapoO;  and,  Tyrrell  added, 

In  many  places  the  junction  of  the  Pierre  and  Laramie 
was  plainly  seen,  the  sandstones  of  the  Paskapoo  series 
appearing  to  reat  conformably  on  the  shales  of  the  Pierre, 
BO  that  the  Edmonton  series  seems  to  thin  out  and  disap- 
pear between  its  western  outcrop  and  the  eastern  edge  of 
the  foothills. 

The  Edmonton  was  identified  with  the  lower 
division  of  the  Laramie  in  the  Cypress  Hills 
region,  described  by  McConnell,  and  with  the 
Wapiti  River  group  of  Dawson  in  the  Peace 
River  region. 

The  Paskapoo  series  was  said  to  include  ''  all 
the  Laramie  rocks  lying  above  those  of  the 
Edmonton  series"  and  to  embrace  Dawson's 
"Porcupine  Hills  and  Willow  Creek  series  and 
all  but  the  lowest  700-900  feet  of  his  St.  Mary 
River  series.''  The  maximum  thickness  noted 
was  5,700  feet.  The  beds,  according  to 
Tyrrell, 

consist  of  more  or  leas  hard  light-gray  or  yellowish,  brown- 
ish-weathering sandstone,  usually  thick  bedded  but  often 
showing  false  bedding;  also  of  light  bluish-gray  and  olive 
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sandy  shales  often  interstratified  with  bands  of  hard 
lamellar  ferruginous  sandstone  and  sometimes  with  bands 
of  concretionary  blue  limestone,  which  bums  into  excel- 
lent lime.  *  *  *  The  whole  series,  as  shown  by  its 
invertebrate  fauna,  is  of  fre^-water  origin. 

The  lists  of  fossils  given  by  Tyrrell  show 
clearly  that  the  Paskapoo  is  to  be  correlated 
with  the  Fort  Union  of  the  Missouri  River 
region. 

As  regards  the  age  of  the  '* Laramie,"  Tyrrell 

concluded,  after  briefly  reviewing  the  evidence, 

that 

it  seems  reasonable  to  place  the  close  of  the  Cretaceous 
epoch  at  the  time  of  the  deposition  of  the  topmost  beds 
of  the  Edmonton  series,  and  that  the  Tertiary  epoch 
began  with  the  commencement  of  the  Paskapoo  period, 
during  which  a  great  thickness  of  sandstones  and  sandy 
shales  was  laid  down  without  any  apparent  break  or  un- 
conformity. 

In  the  same  volume  as  that  containing 
Tyrrell's  report  George  M.  Dawson  ^  presented 
certain  ''Notes  to  accompany  a  geological  map 
of  the  northern  portion  of  the  Dominion  of 
Canada,  east  of  the  Rocky  Mountains,"  in 
which  he  stated  that  in  the  valley  of  Mackenzie 
River  near  the  mouth  of  Bear  Lake  River 
Richardson  found  rocks  which  he  referred  to 
the  ''Lignite  formation"  but  which  "with 
little  doubt  represent  the  series  now  known  as 
the  Laramie." 

In  the  subsequent  annual  reports  of  the 
Canada  Geological  Survey  the  "Laramie" 
continued  to  receive  occasional  mention,  but 
no  extensive  papers  in  which  it  was  involved 
were  published,  and  the  usage  of  the  term  con- 
tinued about  as  established  by  Tyrrell  fpr 
central  Alberta.  A  number  of  papers  were 
published  from  time  to  time  by  Sir  William 
Dawson,  J.  F.  Whiteaves,  E.  D.  Cope,  L.M. 
Lambe,  and  others  on  different  phases  of  the 
paleontology  of  the  Canadian  "Laramie." 
Thus,  as  early  as  1885  Whiteaves  "  published 
a  "Report  on  the  Invertebrata  of  the  Laramie 
and  Cretaceous  rocks  of  the  vicinity  of  the 
Bow  and  Belly  rivers  and  adjacent  localities  in 
the  Northwest  Territory,"  in  which  he  de- 
scribed some  35  species  from  the  so-called 
Laramie  of  Alberta  and  the  Souris  River  dis- 
trict, this  being  a  paleontologic  supplement  to 
Dawson's  paper  on  the  same  region  already 
noted.  He  also  described  many  species  from 
the  Belly  River  series,  of  which  he  said : 

M  Canada  Geol.  and  Nat.  Hist.  Survey  Ann.  Rept.,  new  ser.,  vol.  2, 
for  1886,  pp.  18,  19lt,  1887. 
u  Whiteaves,  J.  F.,  Contr.  Canadian  Paleontology,  vol.  I,.pt.l,  188d. 
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Judging  from  their  respective  invertebrate  faunae,  it  < 
wouM  seem  impracticable  to  separate  the  ''Belly  River 
series''  from  the  Laramie  and  more  especially  from  the 
''Judith  River  group"  on  purely  paleontological  evidence. 

Dawson  published  several  papers  on  the 
flora  of  the  '* Laramie*"  In  a  paper  on  the 
Cretaceous  and  Tertiary  floras  of  British 
Columbia  and  the  Northwest  Territory*^  he 
gave  lists  of  '^Laramie"  plants  from  several 
localities.  He  considered  the  so-called  Laramie 
as  equivalent  to  the  Fort  Union,  and  the  plants 
mentioned  undoubtedly  bear  this  out.  In 
1885;  in  his  paper  on  the  Mesozoic  floras  of  the 
Rocky  Mountain  region  of  Canada,**  he  dis- 
cussed the  Belly  River  and  so-called  Laramie 
series,  which  he  then  failed  to  differentiate.  He 
divided  the'^Laramie"  into  three  * 'groups" — 
the  ''Lower  Laramie,"  which  embraced  the 
St.  Mary  River  series  of  George  M.  Dawson; 
the  "Middle  Laramie,"  or  Willow  Creek  series 
of  Dawson;  and  the  "Upper  Laramie,"  or 
Porcupine  Hill  series  of  Dawson.  To  judge 
from  the  lists  of  plants  given,  it  would  seem 
that  there  had  been  some  mixture  of  horizons 
when  the  collections  were  made. 

Dawson's  third  paper,  on  the  fossil  plants  of 
the  Laramie  formation  of  Canada,^  introduced 
still  another  set  of  terms.  He  stated  that  the 
"Laramie"  of  Canada  occurs  in  two  large 
areas  west  of  the  100th  meridian  and  separated 
from  each  other  by  a  tract  of  older  Cretaceous 
rocks.  The  eastern  of  these  areas  extends  for 
some  distance  along  the  United  States  bound- 
ary between  the  102d  and  109th  meridians 
and  northward  nearly  to  the  parallel  of  51®. 
Here,  he  said,  the  lowest  beds  of  the  "Laramie  " 
rest  on  Fox  Hills  and  are  overlain  by  Miocene. 
He  continued: 

They  are  undoubtedly  continuous  with  the  Fort  Union 
group  of  the  United  States  geologists  on  the  other  side  of 
the  international  boundary,  and  they  contain  similar 
fossil  plants.  They  are  divisible  into  two  groups — a 
lower,  mostly  argUlaceous,  and  to  which  the  name  of 
"Bad  Lands  beds/'  may  be  given  from  the  '^ badlands" 
of  Wood  Mountain,  where  they  are  well  exposed,  and  an 
upper,  partly  arenaceous  member,  which  may  be  named 
the  Soiuis  River  or  Porcupine  Creek  division.  In  the 
lower  division  are  found  reptilian  remains  of  Upper 
Cretaceous  type,  with  some  fish  remains  more  nearly  akin 
to  those  of  the  Eocene. 

The  western  area  is  of  still  larger  dimensions 
and  extends  along  the  eastern  base  of  the  Rocky 

••  Roy.  Soc.  Canada  Trans.,  vol.  1,  sec.  4,  pp.  15-34, 1883. 
•*  Idem,  vol.  3,  sec.  4,  pp.  1-22, 1885. 
M  Idem,  vol.  4,  sec.  4,  pp.  1&-34, 1887. 


Mountains  from  the  United  States  boundary 
to  about  the  58th  parallel  of  latitude  and  thence 
eastward  to  the  111th  meridian.  In  this  area 
three  divisions  of  the  beds  are  made : 

(1)  The  Lower  Laramie,  or  St.  -Mary  River  series, 
corresponding  in  its  character  and  fossils  to  the  Lower  or 
Bad  Lands  division  of  the  other  area;  (2)  a  middle  divi- 
sion, the  Willow  Creek  beds,  not  recognized  in  the  other 
area;  (3)  the  Upper  Laramie  or  Porcupine  Hills  division, 
corresponding  in  fossils  and  to  some  extent  in  mineral 
character  to  the  Souris  River  beds  of  the  eastern  area. 

The  paper  enumerated  51  forms  of  plants, 
of  which  10  were  found  in  the '  ^  Lower  Laramie" 
and  the  remainder  in  the  ''Upper  Laramie," 
with  about  8  in  common.  It  is  essentiallj  a 
Fort  Union  flora. 

Several  years  later  Dawson "  published 
another  short  paper  dealing  mainly  with  plants 
from  Mackenzie  River,  which  he  showed  are 
to  be  identified  with  the  Fort  Union. 

In  1893  Whiteaves  *•  delivered  a  presidential 
address  before  the  Royal  Society  of  Canada, 
on  ''The  Cretaceous  system  of  Canada," 
which  was  mainly  an  enumeration  of  the  fossil 
forms  that  had  been  recorded  from  the  several 
members  of  the  Cretaceous.  Although  he  did 
not  specifically  so  state,  it  is  evident  that  he 
included  in  the  "Laramie"  both  the  "Lower 
Laramie"  and  "Upper  Laraniie"  of  previous 
writers,  and  of  course  it  was  all  regarded  as 
Cretaceous. 

In  1908  D.  P.  Penhallow"  presented  an 
elaborate  "Report  on  Tertiary  plants  of  British 
Columbia,"  which  was  based  primarily  on 
collections  made  by  L.  M.  Lambe  in  1906  but 
which  was  made  to  include  all  previous  work 
by  Dawson  and  others  within  this  area.  If 
Penhallow  had  taken  occasion  to  revise  the 
earlier  work,  this  could  have  been  made  a  very 
valuable  contribution,  but  unfortunately  he 
made  no  attempt  at  revision  and  the  lists  were 
compiled  without  change.  The  "Laramie" 
here  was  said  to  include  only  the  "Upper 
Laramie"  (Paskapoo  of  Tyrrell),  which  was 
made  synonymous  with  Fort  Union,  lower 
Eocene,  and  "Lignite  Tertiary."  The  conclu- 
sion of  Sir  William  Dawson  that  the  "Upper 
Laramie"  is  undoubtedly  of  Tertiary  age  was 
confirmed. 

»  Dawson,  William,  On  fossil  plants  from  the  Mackensie  and  Bow 
rivers:  Roy.  Soc.  Canada  Trans.,  vol.  7,  sec.  4,  pp.  60-74, 1880. 

»  Whiteaves,  J.  F.,  Roy.  Soc.  Canada  Trans.,  vol.  9,  sec.  4,  pp.  1-19, 
1893. 

**  Canada  Oeol.  Survey  Mem.  1013,  pp.  1-167, 1908. 
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For  a  decade  or  more  after  the  publication 
of  the  papers  above  mentioned  very  little 
investigation  appears  to  have  been  prosecuted 
ia  the  areas  covered  by  the  so-called  *  *  Laramie, ' ' 
and  the  subject  remained  practically  as  left 
by  the  earlier  writers.  Then,  in  a  valuable 
paper  published  in  1909,  by  D.  B.  Dowling," 
on  the  ''Coal  fields  of  Manitoba,  Saskatchewan^ 
Alberta,  and  eastern  British  Columbia,"  the 
''Laramie"  was  said  to  embrace  the  Edmonton 
and  Paskapoo  with  the  significance  attached  by 
Tyrrell,  from  whom  extensive  quotations  were 
taken. 

Dowling's  report  was  summarized  in  the 
report  of  the  Director  of  the  Canadian  Geologi- 
cal Survey,"  who  gave  a  full-page  table  of 
correlations  of  the  formations  involved,  in 
which  the  "Laramie'^  was  assigned  the  in- 
terpretation adopted  by  Dowling. 

In  the  following  year  Dowling  ^  published  a 
short  bulletin  on  the  Edmonton  coal  field, 
Alberta,  which  was  devoted  mainly  to  the 
wonderfully  rich  coal  deposits  of  the  Edmonton 
formation.  The  term  "Laramie"  was  not 
mentioned  in  this  bulletin,  but  the  Edmonton 
was  "classed  with  the  undoubted  Cretaceous 
beds  below  and  represents  the  upper  member 
of  this  series."  The  plants  listed,  if  correctly 
identified,  indicate  a  mixture  of  Cretaceouei 
and  Tertiary  (Fort  Union)  types. 

In  1913  Malcolm  '^  published  a  paper  on 
the  "Oil  and  gas  prospects  of  the  Northwest 
Provinces  of  Canada,"  in  which  the  Edmonton 
and  Paskapoo  weie  grouped  under  the  "Lara- 
mie" with  the  following  qualification: 

In  placing  under  this  heading  the  formations  to  be 
^escribed,  it  is  not  the  intention  of  the  author  to  indicate 
in  this  way  the  precise  age  of  the  formations  or  to  indicate 
the  dividing  line  between  the  great  geological  systems. 
The  grouping  is  for  convenience  in  description  and  for 
the  purpose  of  showing  the  stratigraphic  relations  of  the 
formations. 

There  seems,  however,  to  have  been  no 
general  understanding  or  usage,  and  in  the 
Summary  Report  of  the  Canada  Survey  for 
1913,  published  in  1914,  D.  B.  Dowling  •^  had 
a  short  paper  on  the  Sheep  River  gas  and  oil 
field  of  Alberta,  in  which  the  Paskapoo  was 
put  into  the  Tertiary  and  the  Edmonton  into 

M  Canftdft  Oecd.  Survey  Pub.  1035,  pp.  38-13, 1009. 

*•  Canada  OeoL  Survey  Summary  Rept.  for  1900,  p.  38, 1910. 

«  Dowling,  D.  B.,  Canada  Qeol.  Survey  Mem.  8E  (Pub.  1115)«  1910. 

^  Haloolm,  Wyatt,  Canada  Oed.  Survey  Mem.  29E,  1913. 

a  Canada  Oeol.  Survey  Summary  Rept.  for  1913,  p.  142, 1914. 


the  Cretaceous,  but  the  term  '^Laramie"  was 
•not  used. 

In  the  same  volume  Bruce  Rose  •*  had  a  short 
paper  on  the  Willowbxmch  coal  area,  Saskat- 
chewan, in  which  he  stated  that  the  only 
rocks  exposed  in  this  area  are  to  be  referred  to 
the  Fort  Union  formation,  which  is  essentially 
the  same  as  the  Paskapoo  formation  of  Alberta 
and  is  practically  continuous  with  the  Fort 
Union  of  the  United  States. 

Barnum  Brown'*  published  a  paper  in  1914, 
already  mentioned  in  another  connection, 
which  presented  the  results  of  his  studies  for  a 
number  of  years  of  the  Edmonton  formation 
of  the  Red  Deer  River  region  of  Alberta.  The 
splendid  section  exposed  for  a  distance  of  300 
miles  along  this  river  cuts  successively  through 
thC' Paskapoo  and  Edmonton  and  well  down 
into  the  Pierre.  The  classification  adopted 
was  '*  the  latest  determination  of  these  forma- 
tions by  the  Canadian  Geological  Survey" 
and  grouped  the  Paskapoo  and  Edmonton 
under  the  '*  Laramie/'  According  to  Brown, 
the  Edmonton  wherever  observed  was  found 
resting  in  apparent  conformity  on  the  Pierre. 
The  relations  between  the  Edmonton  and  the 
overlying  Paskapoo  were  described  by  Brown 
as  follows :' 

Near  the  mountains  these  beds  (Paskapoo),  according 
to  Tyrrell,  appear  to  rest  conformably  on  the  Pierre  shales. 
On  the  Red  Deer  River  and  elsewhere  they  are  separated 
from  the  underlying  brackish-water  Edmonton  beds  by  a 
widely  distributed  coal  seam  of  varying  thickness.  No 
other  sign  of  unconformity  has  been  recognized,  but  a 
considerable  time  elapsed  between  the  close  of  the  Ed- 
monton and  the  beginning  of  the  Paskapoo — a  time  in- 
terval represented  by  all  or  the  greater  part  of  the  Lance. 
No  dinosaurs  are  found  in  these  beds,  and  the  abundant 
and  varied  dinosaurs  of  the  underljring  Edmonton  forma- 
tion are  an  older  fades  than  those  of  the  Lance. 

The  several  lines  of  paleontologic  evidence 
were  discussed  somewhat  at  length,  especially 
the  vertebrate  evidence,  in  which  Brown  is  a 
specialist.  Concerning  the  dinosaur  fauna  he 
said: 

The  vertebrate  fauna  is  distinct  from  that  of  the  Lance, 
and  few  species  are  common  to  the  two  formations.  Most 
of  the  Edmonton  genera  are  structurally  more  primitive 
than  those  of  the  Lance,  and  several  genera  not  found  in 
the  Lance  are  common  to  the  Judith  River.  The  faunal 
fades,  as  a  whole,  is  intermediate  but  closer  to  that  of  the 
Judith  River  formation  than  to  the  Lance.    *    *    *    The 

» Idem,  p.  153. 

M  Cretaceous  Eocene  correlation  in  New  Mexico,  Wyoming,  Montana 
Alberta:  Oeol.  Soc.  America  Bull.,  vol.  26,  pp.  36fr-380, 1014. 
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dinosaur  fauna  forma  a  series  of  succesBive  genera,  the  > 
phyletic  relationahip  of  which  is  determined  by  the 
evolutionary  development  of  skeletal  parts,  and  there  is  no 
break  in  this  series  from  its  first  appearance  low  down  in 
the  Cretaceous  to  the  final  disappearance  of  the  entire 
group  in  what  we  propose  to  call  the  close  of  the  Cretaceous. 

The  invertebrates  were  submitted  to  T.  W. 
Stanton,  who  commented  as  follows: 

I  have  recently  examined  your  invertebrates  from  the 
Edmonton  and  Paskapoo  formations  of  Alberta.  Those 
which  you  have  already  sent  from  the  Edmonton  beds 
include  several  lots  of  brackish-water  shells,  with  a  slighter 
mixture  of  marine  forms  {Lunatia)^  and  several  lots  of 
purely  fresh-water  shells.  The  bracldsh-water  collections 
are  certainly  Cretaceous  and  consist  of  species  which  all 
occur  either  in  identical  or  very  closely  related  forms  in 
both  the  Judith  River  and  in  the  brackish-water  bed 
which  occurs  at  the  top  of  the  Fox  Hills  and  the  base  of  the 
Lance. 

The  fresh-water  collections  contain  no  species  charac- 
teristic of  either  the  Judith  River  or  the  Lance,  and  while 
some  of  them,  like  Gonioham  tenuicarinaUif  occur  in  the 
Lance,  the  general  aspect  of  the  fossils  is  somewhat  more 
suggestive  of  [Fort  Union  than  of  anything  earlier.  It 
should  be  remembered,  however,  that  Whiteaves  has  re- 
pcMTted  a  number  of]  Fort  Union  species  as  occurring  in 
the  Belly  River  beds  of  Alberta,  and  it  may  be  that  more 
of  these  types  than  we  have  supposed  range  down  as  low 
as  the  Judith  River.*^ 

The  fossil  plants  were  studied  by  Arthur 
HoUick  and  me  and  pronounced  to  be  of  Fort 
Union  age,  though  a  small  collection  from  the 
lower  part  of  the  Edmonton  submitted  to  me 
at  a  later  date  appeared  to  be  of  Cretaceous 
affinity.** 

As  regards  the  age  of  the  Edmonton,  Brown 
said: 

The  Edmonton  formation  differs  greatly  in  lithologic 
character  from  the  Fox  Hills,  which  occupies  the  same 
relative  position  in  the  United  States,  where  it  is  a  sand- 
stone formation,  but  I  believe  it  to  have  been,  in  part  at 
least,  synchronous  with  the  Fox  Hills.  It  may  possibly 
be  correlated  with  the  Laramie,  according  to  its  original 
definition. 

In  a  later  paragraph  he  added : 

The  strata  (Edmonton)  are  of  marine  and  brackish- 
water  origin  and  everywhere  conformably  overlie  the 
marine  beds  below.  The  shale  series  shows  an  inter- 
rupted successive  sedimentation  from  purely  marine  con- 
ditions at  the  base,  through  brackish  water  during  most 
of  the  period,  with  a  gradual  freshening  toward  the  top. 
This  formation  fulfills  the  original  definition  of  the  term 
Laramie.'^ 


•  The  wordB  in  brackets,  which  were  omitted  from  Brown's  paper 
through  an  error  in  transcription  or  in  printing,  were  supplied  by  Mr. 
Stanton  in  a  personal  communicatian  to  xne. 

« Knowlton,  F.  H.,  Cretaceous-Tertiary  boundary  in  the  Rocky 
MounUin  region:  Oeol.  Soc.  America  BuU.,  vol.  25,  p.  337,  1914. 

•»  Brown  was  in  error  on  this  point,  for,  according  to  King's  original 
definition,  the  Laramie  is  the  "uppermost  member  of  the  conformable 
Cretaceous  series  above  the  Fox  Hills." 


According  to  Brown,  the  Paskapoo  forma- 
tion, as  already  mentioned,  was  confonnable 
on  the  Edmonton,  though  he  thought  there 
was  a  time  interval  between  them,  as  shown  by 
the  absence  of  all  or  nearly  all  of  the  Lance 
formation.  The  Paskapoo,  although  contain- 
ing no  dinosaurs,  has  a  small  mammal  fauna, 
which,  he  said,  **is  more  varied  than  that  of 
the  Lance  and  is  comparable  to  it.'' 

A  late  word  on  the  correlation  of  the  Edmon- 
ton with  beds  in  the  United  States  is  spoken  by 
Eugene  Stebinger"  in  his  paper  on  **The 
Montana  group  of  northwestern  Montana." 
The  uppermost  member  of  the  Montana  group 
recognized  was  here  called  the  Horsethief 
sandstone,  which  is  the  equivalent  of  the  Fox 
Hills  as  identified  by  G.  M.  Dawson  in  Alberta. 
Stebinger's  conclusion  was  as  follows: 

Above  the  Horeethief  sandstone  in  the  section  on  Two 
Medicine  River  there  are  light-colored  soft  clayey  and 
sandy  strata,  already  referred  to  as  of  continental  origin, 
that  are  identical  in  appearance  with  the  Belly  Biver  and 
Judith  River  strata.  Although  these  rocks  are  younger 
than  Montana  in  age,  they  deserve  mention  here  because 
they  seem  to  complete  for  a  third  time  a  cycle  of  sedimen- 
tation proceeding  from  purely  marine  to  fresh-water  or 
continental  conditions.  The  first  of  these  cycles  is  from 
the  marine  Colorado  shale,  through  Virgelle  sandstone, 
to  the  strata  of  continental  origin  in  the  lower  part  of  the 
Two  Medicine  formation;  the  second  is  from  the  marine 
shale  of  the  Claggett,  through  the  sandstone  in  its  upper 
part,  to  strata,  also  of  continental  origin,  comprising  the 
Judith  River  formation;  and  the  third  is  from  the  marine 
Bearpaw,  through  the  Horsethief  sandstone,  to  the  conti- 
nental deposits  above  that  sandstone.  The  relations  in 
each  cycle  between  the  continental  deposits  and  the 
underlying  sandstone  seem  to  be  identical.  The  strata 
are  apparently  perfectly  conformable,  and  the  impression 
is  very  strong  that  the  same  conditions  ruled  in  each 
transition  from  marine  to  land  conditions,  or,  in  oth^r 
words,  the  strata  above  the  Horsethief  sandstone  are 
physically  as  closely  related  to  the  Bearpaw  shale  as  the 
Judith  River  formation  is  to  the  Claggett  or  the  Two 
Medicine  formation  to  the  Colorado  shale.  Now,  these 
strata  of  continental  origin  above  the  Horsethief  sandstone 
constitute  the  St.  Mary  River  beds  of  Dawson,  which 
occupy  the  same  position  in  the  geologic  column  as  the 
Edmonton  formation  of  central  Alberta  and  approxi- 
mately that  of  the  Lance  formation  of  Wyoming. 


(< 


LARAMIE"   AND   UVINQSTON   FOBMATIONS   IN 

MONTANA. 


The  area  in  the  vicinity  of  Livingston, 
Mont.,  and  extending  thence  southward  to 
the  northern  border  of  the  Yellowstone  Na- 
tional Park  and  northward  around  the  Crazv 

*  U.  S.  Geol.  Suney  Prof.  Paper  90,  p.  68, 1914. 
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Mountains  has  proved  to  be  of  much  geologic 
interest.  A  niunber  of  short  reports  and  news- 
paper and  magazine  articles  regarding  this 
area  had  appeared  prior  to  1871,  but  they 
were  devoted  mainly  to  descriptions  of  scenic 
features  and  contained  little  or  no  geologic 
information.  In  1871  F.  V.  Hayden'^'  began 
his  investigations  in  the  Yellowstone  National 
Park  and  incidentally  described  the  geology 
of  the  area  between  Fort  Ellis  and  what  is 
now  the  north  line  of  the  park.  He  noted  the 
presence  of  both  Cretaceous  and  Tertiary 
rocks  in  the  area.  In  the  same  report  ^^ 
Lesquereux  described  the  fossil  plants  obtained 
by  the  Hayden  parties,  referring  those  found 
6  miles  above  Spring  Canyon;  on  High  Ridge, 
about  10  miles  west  of  Hot  Springs;  and  at 
Yellowstone  Ijake,  among  basaltic  rocks,  to 
the  Eocene,  while  those  from  the  mouth  of 
Spring   Canyon   were   not   definitely   placed. 

In  the  following  year  the  exploration  of 
the  Yellowstone  National  Park  was  continued 
by  the  Hayden  Survey,  and  A.  C.  Peale  ^* 
reported  on  the  geology  of  the  area  between 
Fort  Ellis  and  the  Yellowstone  Valley  and 
thence  up  the  Yellowstone  to  the  park.  He 
also  noted  the  presence  of  Cretaceous  and 
Eocene,  the  latter  on  the  basis  of  the  deter- 
minations of  the  fossil  plants  by  Lfesquereux. 

In  1878  licsquereux"  published  his  'Ter- 
tiary flora,''  in  which  he  brought  together  all 
the  species  of  plants — ^329  in  nmnber— which 
he  then  considered  as  belonging  to  the  flora  of 
the  *'Lignitic."  The  beds  at  the  localities 
near  Fort  Ellis,  above  Spring  Canyon,  and  at 
Yellowstone  Lake  he  referred  to  his  so-called 
''first  group,"  which  he  considered  as  of 
Eocene  age.  The- species  from  the  locality  at 
the  mouth  of  Spring  Canyon  were  not  alluded 
to,  as  they  were,  at  least  by  inference,  con- 
sidered as  Cretaceous. 

In  1886  the  final  report  of  the  Tenth  Census 
of  the  United  States  relating  to  the  mineral 
resoiu'ces,  exclusive  of  the  precious  metals,  was 
published  under  the  general  direction  of 
Raphael  Pumpelly.  It  embraced  reports  by 
Waldemar   Lindgren'*    and    George   H.  Eld- 

•  U.  S.  Geol.  Survey  Terr.  Fifth  Ann.  Kept.,  for  1871,  pp.  1-165, 1872. 
f*  Idem,  pp.  296-300. 

^  XT.  S.  Oeol.  Surrey  Terr.  Sixth  Ann.  Kept.,  for  1872,  pp.  108  et  seq., 
1873. 
n  Lesquereux,  Leo,  U.  S.  Oeol.  Survey  Terr.  Kept.,  vol.  7, 1878. 
«  U.  S.  Tenth  Census,  vol.  15,  pp.  743-746, 1886. 


ridge'*  on  the  geology  and  coal  resources  of 
Montana,  and  each  contained  data  bearing 
more  or  less  directly  on  the  present  problem. 
Lindgren  reported  especially  upon  the  section 
from  the  Bull  Mountains  to  Musselshell  River 
and  referred  the  immense  thickness  of  nearlv 
10,000  feet  of  beds  above  the  Fox  Hills  to  the 
Laramie,  which  he  divided  into  a  ''Lower 
Laramie"  and  an  ''Upper  Laramie,"  the  latter 
being  recognized  as  the  Fort  Union. 

The  so-called  Bozeman  coal  field  was  de- 
scribed by  Eldridge.  He  presented  a  section 
of  the  rocks  (LVI,  fig.  2)  through  this  field, 
beginning  with  the  Jurassic  and  including  the 
Dakota,  Benton,  and  Niobrara  and  of  course 
the  coal-bearing  rocks.  The  coal-bearing  rocks 
were  not  definitely  referred  to  the  Laramie, 
though  they  were  obviously  considered  as  be- 
longing in  it.  As  regards  the  stratigraphic  rela- 
tions of  the  coal  measures,  Eldridge  wrote  as 
follows: 

There  is  another  most  important  peculiarity  in  the  be- 
havior of  the  principal  coal  seams,  noticed  in  the  eastern 
portion  of  the  field.  The  surface  of  the  ground  on  which 
the  coal  bed  was  originally  laid  down  is  most  irregular. 
For  a  length  of  2  miles  at  least,  and  for  an  undetermined 
width,  but  presumably  covering  quite  an  area  altogether, 
the  surface  was  covered  by  gentle  undulations  in  the  form 
of  knolls,  of  varying  and  irregular  dimensions,  oftentimes 
extensive,  oftentimes  a  few  feet  only  either  way,  with  no 
definite  arrangement  of  the  axes.  In  the  hollows  of  these, 
overlapping  some  and  only  coming  up  on  the  sides  of  others, 
the  material  subsequently  to  be  converted  into  coal  was 
laid  down,  and  finally  came  the  roof  of  sandstone,  capping 
the  whole.  These  irregularities  have  furthermore  been 
increased  by  disturbances  in  certain  parts,  which  have 
caused  both  rock  and  coal  to  be  slickensided  and  rendered 
it  extremely  friable. 

In  the  same  year  (1886)  Lester  F.  Ward  " 

briefly  alluded  to  the  plants  from  the  Hayden 

locality    known    as    "6    miles    above    Spring 

Canyon,   near  Fort  Ellis,  Mont.,"  and   from 

several  places  in  the  Yellowstone  Park.    He 

said : 

These  plants  are  aU  classed  by  Mr.  Lesquereux  in  his 
first  or  lowest  group  as  true  Laramie,  but  upon  careful 
investigation  I  am  tolerably  well  satisfied  that  they  belong 
to  the  Fort  Union  deposits.  . 

In  1891  Walter  H.  Weed  '•  published  a  short 
paper  on  "The  Cinnabar  and  Bozeman  coal 
fields  of  Montana,''  in  which  he  described  in 

T4  Idem,  pp.  739-743. 

n  Synopsis  of  the  flora  of  the  Laramie  group:  U.  S.  Qedi,  Survey  Sixth 
Ann.  Rept.,  p.  741, 1888. 
*•  Oeol.  Soc.  America  Bull.,  vol.  2,  pp.  319^304, 1891. 
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some  detail  the  coal  measures  of  these  areas. 
His  conclusions  concerning  their  age  wer3  set 
forth  as  follows: 

While  the  evidence  presented  in  this  paper  is  not  con- 
sidered conclusive,  and  while  the  work  upon  the  district  is 
not  far  enough  advanced  to  warrant  a  final  statement,  yet 
it  is  believed  that  the  facts  show  that  the  coal  measures  of 
the  Cinnabar  and  Bozeman  coal  fields  are  probably  of 
Laramie  age,  occurring  at  the  very  base  of  the  Laramie 
series,  and  that  they  are  conformably  overlain  by  a  totally 
different  series  of  rocks,  composed  entirely  of  volcanic 
material  and  containing  an  abundant  fossil  flora  of  recog- 
nized Laramie  types,  in  turn  overlain  by  beds  of  fresh- 
water clays  and  sandstones  of  imdetermined  age  but  be- 
longing to  what  has  heretofore  been  considered  as  undoubt- 
edly Laramie  strata. 

The  Livingston  formation  was  named  by 
Weed"  in  1893  from  its  typical  development 
near  the  town  of  Livingston,  Mont.  For  the 
decade  or  more  preceding  the  publication  of 
this  paper  the  great  thickness  of  rocks  in  this 
region  above  the  supposed  Montana  Cretaceous 
had  been  very  generally  regarded  as  Laramie. 
Weed  said : " 

Measured  sections  of  the  strata  about  the  Crazy  Moun- 
tains show  a  thickness  of  12,000  feet  of  fresh-water  sand- 
stones and  clays  referred  to  the  Laramie.  It  is  now  possi- 
ble to  subdivide  this  great  thickness  of  beds  into  Laramie, 
a  higher  horizon  herein  named  the  Livingston,  and  the 
still  higher  beds  of  the  Crazy  Mountains,  which  have  not 
as  yet  been  differentiated  into  horizons  but  probably 
represent  the  Fort  Union  beds  of  eastern  Montana. 

It  was  thought  by  Weed  and  later  by  others 
that  'Hhese  beds  present  proof  of  a  series  of 
events  following  the  epoch  of  the  coal-making 
Laramie  similar  to  those  described  by  Whitman 
Cross,  in  Colorado,  of  which  the  Arapahoe  and 
the  Denver  beds  are  the  evidence." 

Weed's  description  of  the  Mesozoic  section 
began  with  the  Jurassic,  above  which  is  what 
he,  following  previous  workers  in  the  field, 
called  the  Dakota,  which,  he  said,  ^' forms  the 
most  persistent  and  readily  recognizable  horizon 
of  the  Rocky  Mountain  Mesozoic/'  Above  the 
beds  identified  as  the  Dakota  are  over  3,000 
feet  of  shales,  in  many  places  carbonaceous, 
and  interbedded  sandstones,  that  he  divided 
about  equally  between  the  Colorado  and  the 
Montana,  though  he  stated  that  '*  a  satisfactory 
discrimination  between  the  beds  of  the  Colo- 
rado and  those  forming  this  group  (Montana) 


^  Weed,  W.  H.,  The  Laramie  and  the  overlying  Livingston  formation 
in  Montana,  with  report  on  fion,  by  F.  H.  Knowlton:  U.  S.  Geol. 
Survey  Bull.  105,  pp.  1-68, 1893. 

n  Idem,  p.  11. 


can  not  be  made  on  paleontologic  grounds,  as 
few  fossils  have  been  collected  in  the  beds 
assigned  to  the  Montana."  The  Fox  Hills  was 
not  definitely  recognized,  though  Weed  said: 
*'  In  the  eastern  part  of  the  field  the  dark-gray 
sandy  shales  [of  the  Montana]  are  directly 
overlain  by  a  heavy  ledge  of  yellow,  rather 
dark,  and  very  massive  sandstone,  which  is 
thought  to  be  the  equivalent  of  the  Fox  Hills 
sandstone."  Conformably  above  this  is  the 
Laramie  as  then  recognized.  It  is  about  1^000 
feet  in  thickness  and  is  composed  of  massive 
light-colored  sandstones  with  intercalated  shale 
beds  and  coal  seams.  ''  The  upper  limit  of  the 
Laramie  in  the  region  studied  is  marked  by 
an  abrupt  change  in  the  composition  of  the 
beds  and  closely  resembles  in  general  charac- 
teristics that  change  which  has  been  found  so 
prominently  developed  in  Colorado." 

The  Livingston  was  described  by  Weed  as 
follows: 

Overlying  the  coal-bearing  LAramie  strata  there  is  a 
series  of  beds  constituting  a  newly  recognized  formation, 
for  which  the  name  Livingston  is  proposed,  as  it  is  typicaUy 
developed  in  the  vicinity  of  Livingston.  This  formation 
consists  of  a  series  of  beds,  in  places  aggregating  7,000  feet 
in  thickness,  composed  of  sandstones,  grits,  conglomerates, 
and  clays,  made  up  very  largely  of  the  d6bris  of  andesitic 
lavas  and  other  volcanic  rocks  and  including  local  inter- 
calations of  volcanic  agglomerates. 

The  Livingston  formation  was  believed  by 
Weed  to  rest  unconformably  on  the  Laramie, 
and  the  basis  for  this  belief  was  set  forth  at 
length  in  the  paper  under  consideration.  The 
upper  part  of  the  Livingston  was  said  to  pass 
without  observed  stratigraphic  break  into  the 
overlying  beds  theh  presumed  and  since  proved 
to  belong  to  the  Fort  Union  formation. 

The  fossil  plants  of  the  Bozeman  coal  field 
and  adjacent  areas  were  considered  by  me  in 
Weed's  report  above  cited,'*  in  a  more  formal 
presentation  of  the  facts  published  the  pre- 
ceding year.**  The  fossil  flora,  as  then  known, 
embraced  44  species,  and  the  conclusion  was 
reached  that  the  plants  from  the  coal-bearing 
beds  belong  '^  to  what  is  generally  known  as  the 
Laramie,"  while  "the  flora  of  the  Livingston 
formation  finds  its  nearest  relationship  with  the 
flora  of  the  Denver  beds  of  Colorado." 


n  Knowlton,  F.  H.,  Annototad  list  of  the  fossil  plants  of  the  Bosenten, 
Mont.,  coal  field,  with  table  of  distribution  and  description  of  new 
species:  U.  S.  Oeol.  Survey  Bull.  106,  pp.  43-66,  pis.  5, 6, 1803. 

M  Knowlton,  F.  H.,  The  fossil  flora  of  the  Boseman  coal  field:  Wash. 
Ington  Biol.  Soc.,  vol.  7,  pp.  153, 154, 1892. 
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*  In  1894,  in  the  Livingston  folio,  Weed*' 
described  and  mapped  the  several  formations 
under  discussion  with  the  signification  and 
limits  given  to  them  in  the  bulletin  above 
cited.  In  1896  the  Three  Forks  quadrangle, 
which  adjoins  the  Livingston  quadrangle  on 
the  west,  was  described  in  a  folio  by  A.  C. 
Peale."  He  accepted  the  Dakota,  Colorado, 
Montana,  Laramie,  and  Livingston  formations 
as  defined  by  Weed  and  wrote  of  the  Laramie 
as  follows : 

The  formation  consiBta  essentially  of  light-gray  or 
whitish  sandstones,  with  interlaminated  argillaceous  beds, 
some  of  which  are  locally  much  indurated.  The  two  areas 
in  which  the  strata  are  best  exposed  are  in  the  Nixon 
basin,  north  of  the  Gallatin  Valley,  and  in  the  Gallatin 
basin,  lying  between  the  Gallatin  and  Madison  ranges. 
The  total  thickness  of  the  formation  is  from  800  to  1,000 
feet.  In  the  Nixon  basin  Unios  and  other  fresh-water 
shells  are  found  in  connection  with  the  coal. 

Concerning  the  Livingston  formation  he 
said: 

The  Livingston  formation  occupies  at  the  present  time 
compsuratively  little  area  within  the  limits  of  the  Three 
Forks  sheet,  and  nowhere  is  it  likely  that  the  entire 
thickness  of  the  formation  is  shown.  The  largest  area  is 
probably  that  in  the  vicinity  of  the  Sphinx  Mountain, 
where  the  Sphinx  conglomerate  rests  unconformably  upon 
it.  This  area  is  about  15  to  20  square  miles  in  extent,  and 
the  deposits  are  made  up  of  a  mass  of  volcanic  materials 
indistinctly  bedded,  mostly  andesitic  in  nature,  and  of  a 
somber  hue.  At  one  or  two  places  conglomerates  made  up 
of  all  sorts  of  volcanic  pebbles  are  seen  neir  the  base. 
This  generally  black  mass  rests  unconformably  upon  the 
eroded  surfaces  of  the  previously  deposited  Cretaceous 
formations,  contrasting  strongly  in  color  with  the  Laramie 
sandstones  and  the  Dakota  conglomerates,  with  both  of 
which  it  is  in  contact  at  different  points. 

The  unconformable  relation  near  Sphinx 
Mountain  described  by  Peale,  which  was 
known  to  Weed,  was  one  of  the  factors  upon 
which  Weed  based  his  contention  of  an  un- 
conformity between  so-caUed  Laramie  and 
Livingston. 

Weed"  published  in  1896  a  short  paper 
which  was  devoted  mainly  to  the  Fort  Union, 
with  only  incidental  mention  of  the  Laramie 
and  Livingston  formations.  The  immense 
section  of  strata  forming  the  eastern  foot 
slopes  of  the  Crazy  Mountains  on  Lebo  Creek, 
Mont.,  was  divided  as  follows:  Laramie,  1,080 
feet;  Livingston,  7,136  feet;  Fort  Union,  4,649 
feet. 

"  Weed,  W.  H.,  U.  8.  Geol.  Survey  Oeol.  Atlas,  Livingston  foUo 
(No.  1),  18M. 
■  U.  S.  Oeol.  Survey  Qeol.  Atlas,  Three  Forks  folio  (No.  27),  1896.* 
M  Weed,  W.  H.,  Am.  Geologist,  vol.  18,  pp.  201-211, 1896. 


The  Little  Belt  Mountains  quadrangle,  im- 
mediately north  of  the  Livingston  quadrangle, 
was  described  by  Weed'*  in  1899.  The  Da- 
kota, Colorado;  and  Montana  were  grouped 
together  in  the  Yellowstone  formation,  which 
was  said  to  be  followed  conformably  by  the 
Laramie  formation.  The  Laramie  was  de- 
scribed in  much  the  same  terms  and  assigned 
the  same  thickness  as  in  the  Livingston  and 
Three  Forks  folios.  The  Livingston,  believed 
to  rest  unconformably  on  the  Laramie,  was 
described  at  considerable  length  and  was  given 
a  maximum  thickness  of  7,000  feet.  In  the 
text  of  the  folio  the  Livingston  was  placed 
under  the  heading  ''Rocks  of  the  Cretaceous 
period,''  and  in  the  generalized  section  of  the 
sedimentary  rocks  of  the  Crazy  Mountains  it 
was  given  as  ''Cretaceous?"  Although  in- 
cluded with  the  Livingston  formation  in  map- 
ping, the  upper  4,000  feet  of  beds  were  in  the 
colunmar  sections  differentiated  as  the  Fort 
Union. 

The  next  paper  in  chronologic  order  is  one 
by  Earl  Douglass,*^  published  in  1902,  entitled 
"A  Cretaceous  and  lower  Tertiary  section  in 
south-central  Montana,"  in  which  the  inter- 
pretation was  radically  different  from  that 
given  by  Weed.  The  area  covered  by  this 
paper  lies  east  of  the  Crazy  Mountains  and 
south  of  the  Big  Snowy  Mountains,  in  the  basin 
of  Musselshell  River.  The  section,  according 
to  Douglass,  comprises  the  following  units: 

Tertiary Fort  Union. 

Laramie. 


Cretaceous, 


Fox  Hills. 

I*ierre. 

Fiah  Creek  beds. 

Niobrara. 

Benton. 


The  Livingston  formation  was  not  recog- 
nized in  this  section,  although  the  locality  is 
only  a  few  miles  from  the  Lebo  Creek  section 
recorded  by  Weed,  in  which  it  was  given  a 
thickness  of  over  7,000  feet.  Douglass  appar- 
ently included  the  Livingston  in  whole  or  in 
major  part  within  the  so-called  Laramie,  con- 
cerning which  he  wrote  as  follows: 

What  is  supposed  to  be  Laramie  in  the  present  section 
is  very  thick,  probably  approximately  that  of  Lindgren's 
measurements  [7,000  feet].  But  here,  as  everywhere 
else,  the  boundaries  of  the  Laramie  are  uncertain.    Heie, 


M  Weed,  W.  H.,  U.  S.  Geol.  Survey  Oeol.  Atlas,  Little  Belt  BCoun. 
tains  folio  (No.  56),  1809. 
u  Am.  Phllos.  Soc.  Proc.,  v<d.  41,  pp.  307-224, 1902. 
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however,  we  have  it  confined  between  certain  limits.  We 
have  it  above  a  characteristic  Fort  Pierre  fauna  and  below 
a  characteristic  Fort  Union  flora.  Just  how  much  of  that 
which  intervenes  is  Laramie  is  not  known. 

On  another  page  he  added : 

We  found  here  no  traces  of  the  volcanic  material  of  the* 
Livingston  formation,  which  only  30  or  40  miles  to  the 
southwest  is  so  well  developed. 

Part  of  the  same  area  was  examined  in  1903 
by  Stanton  and  Hatcher,**  whose  report  was 
published  in  1905.  They  were,  however,  more 
concerned  in  the  elucidation  of  the  Montana 
group,  the  classification  of  which,  as  will  be 
subsequently  shown,  has  played  an  important 
part  in  the  Laramie-Livingston  controversy, 
and  they  made  only  incidental  mention  of  the 
higher  beds.    Concerning  these  they  said: 

South  and  west  of  Fish  Creek  these  shales  [Bearpaw] 
are  overlain  by  marine  Cretaceous  sandstones  and  by  a 
thick  series  of  beds  that  have  been  referred  to  the  Laramie, 

I 

Livingston,  and  Fort  Union  formations. 

The  generalized  section  for  central  and  north- 
em  Montana  as  worked  out  by  Stanton  and 
Hatcher  is  as  follows: 


1 

1 

Laramie  (?). 

1 
1 
1 

Fox  Hills  (?). 

Montana  group. 

1 

Bearpaw. 
Judith  River. 
ClaggeU. 
Eagle. 

Benton. 

Colorado  group. 

Dakota  (?). 

In  1906  R.  W.  Stone  «7  studied  the  strati- 
graphy and  coal  resources  of  an  area  of  ap- 
proximately 1,000  square  miles  in  central 
Montana,  extending  from  Shawmut  westward 
to  the  head  of  Musselshell  River  and  southward 
in  the  Shields  River  valley  to  the  town  of  Clyde 
Park.  A  large  part^  of  this  belt  is  included  in 
the  area  covered  by  the  Little  Belt  Mountains 
folio,  already  mentioned,  but  whereas  Weed 
recognized  only  four  formational  units  in  the 
Cretaceous  system.  Stone  was  able  to  differen- 

w  Stanton,  T.  W.,  and  Hatcher,  J.  B.,  Geology  and  paleontology  of  the 
Judith  River  beds:  U.  8.  Oeol.  Survey  Bull.  257,  p.  50, 1905. 

"  Coal  near  the  Crazy  Mountains,  Mont.:  U.  S.  Oeol.  Survey  Bull. 
341,  pp.  78^1, 1909. 


CretaceoiiB. 


tiate  and  map  seven  such  units.    These  were 
set  forth  by  Stone  as  follows : 

Tertiary /Fort  Union  formation. 

I  Livingston  formation . 
'Laramie  formation. 
Montana  group: 

Bearpaw  shale. 

Judith  River  formation. 

Claggett  formation. 

Eagle  sandstone. 
Colorado  shale. 
Kootenai  formation. 

The  rocks  referred  to  the  Laramie  were 
divided  roughly  into  two  parts.  The  lower 
division,  resting  on  the  Bearpaw  shale  and 
ranging  in  thickness  from  200  to  460  feet,  was 
said  to  be  composed  of  red  and  greenish  sand- 
stones. ''Its  age  has  not  been  determined, 
but  lithologically  it  belongs  to  the  overlying 
formation  and  hence  it  will  be  provisionally 
regarded  as  a  part  of  the  Laramie."  Concern- 
ing the  upper  portion,  Stone  said: 

Taken  as  a  whole,  the  upper  part  of  the  Laramie  forma- 
tion is  distinguished  from  the  formations  above  and  below 
by  its  light-gray  color  in  comparison  with  their  somber 
hues.  It  is  composed  largely  of  soft  gray  sindstone  and 
variegated  shale.  The  gray  beds,  from  1,000  to  2,400  feet 
thick,  make  a  conspicuous  valley.  *  *  *  The  gray 
beds  of  the  Laramie  formation  are  overlain,  possibly  with 
unconformity,  by  somber-colored  sandstone  and  shale 
which  may  represent  the  Livingston  formation.  Suffi- 
cient paleontologic  evidence  has  not  been  obtained,  how- 
ever, to  determine  the  limits  of  these  stratigraphic  units. 
A  section  measured  by  C.  A.  Fisher  and  T.  W.  Stanton 
on  a  fork  of  Big  Elk  Creek  gives  a  thickness  of  5,592  feet 
from  the  base  of  the  Laramie  to  the  base  of  the  sandstone 
and  grit  probably  of  Fort  Union  age,  and  of  10,324  feet  for 
the  beds  above  the  Bearpaw  shale. 

Douglass  "  revisited  the  Fish  Creek  area  in 
1909  and  published  additional  notes  on  the 
geology,  revising  his  previous  views  to  some 
extent.  He  accepted  the  classification  of  the 
Upper  Cretaceous  by  Stanton  and  Hatcher  but 
was  still  more  or  less  confused  concerning  the 
Fox  Hills  and  the  limits  and  extent  of  the  so- 
called  Laramie. 

In  1909  also  I  published  a  note**  on  the 
geologic  section  of  the  Fish  Creek  area,  giving 
it  the  following  interpretation: 

Above  the  Bearpaw  is  a  series  of  shaly  sandstones,  at 
least  several  hundred  feet  in  thickness,  that  unmistakably 

"  Douglass,  Earl,  A  geological  reconnaissance  in  North  Dakota, 
Montana,  and  Idaho,  with  notes  on  MesoKoic  and  Cenotoic  geology: 
Carnegie  Mus.  Annals,  vol.  5,  pp.  272-280^  1909. 

•  Knowlton,  F.  H.,  The  stratigraphic  relations  and  paleontology  of 
the  "Hell  Creek  beds,"  "  Ceratops  beds,"  and  equivalents  and  their 
reference  to  the  Fort  Union  formation:  Washington  Acad.  Sci.  Proc., 
vol.  11,  pp.  192-194,  1909. 
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belong  to  the  Livingston,  as  plants  identical  with  those 
found  near  the  base  of  this  formation  southeast  of  Bozeman, 
Mont.,  have  now  been  located,  and  moreover  the  matrix 
is  characteristically  that  of  the  Livingston.  Between 
this  point  and  the  base  of  the  upper  member  of  the  Fort 
Union  formation,  according  to  Stanton,  is  a  thickness  of 
3,000  to  5,000  feet  of  beds,  a  portion  of  the  lower  part  of 
which  belongs  with  little  doubt  to  the  Livingston,  but 
the  top  of  the  Livingston  has  not  been  definitely  placed, 
though  its  maximimi  thickness  apparently  exceeds  2,000 
feet.  The  dinosaurs  .occur  in  this  thick  series  of  beds 
above  the  Livingston,  and  the  beds  are  probably  referable 
to  the  lower  member  of  the  Fort  Union,  though  no  plants 
have  been  found  until  within  approximately  1,000  feet  of 
the  top. 

Later  in  the  same  year  (1909)  T.  W.  Stanton  •• 
published  still  another  interpretation  of  the 
Fish  Creek  section.  After  discussing  briefly 
the  units  of  the  Montana  group  and  their 
thicknesses  as  worked  out  by  Stone,  he 
continued: 

Another  important  fact  brought  out  by  Stone's  work 
is  that  the  '* Laramie"  of  Weed's  mapping  east  and  north 
of  the  Crazy  Mountains  in  the  Little  Belt  Mountains  folio 
is  really  Eagle  sandstone,  and  the  '* Livingston"  of  the. 
same  area  includes  in  its  lower  part  the  Claggett,  Judith 
River,  and  Bearpaw  formations.  The  Livingston  format 
tion  was  described  as  resting  unconformably  on  the 
Laramie  and  older  rocks  and  as  composed  largely  of 
andesitic  material,  both  of  which  features  played  a  promi- 
nent part  in  correlating  the  Livingston  with  the  Denver 
formation.  It  became  necessary,  therefore,  to  study  the 
lithologic  character  of  the  various  formations  of  the 
Montana  group  in  this  area.  *  *  «  The  specimeiis 
from  the  Eagle  and  a  few  of  those  from  the  Claggett  and 
Judith  River  proved  to  be  sandstone  without  admixture 
of  igneous  material,  but  many  others  from  both  Claggett 
and  Judith  River  and  some  from  the  Bearpaw  are  identi- 
fied as  tuffaceous  rock  and  contain  much  andesite. 

After  discussing  a  number  of  collections  of 
invertebrates  from  beds  originally  supposed  to 
be  Laramie  but  here  shown  to  be  from  the 
Claggett,  Stanton  said: 

With  the  facts  above  recited  in  mind,  the  whole  ques- 
tion of  the  age  and  relations  of  the  Livingston  formation 
is  reopened.  ♦  *  »  Whatever  may  be  true  of  the 
Livingston  in  the  type  area  near  the  town  of  that  name, 
the  rocks  assigned  to  it  by  Weed  east  of  the  Crazy  Moun- 
tains, notably  in  the  Lebo  Creek  section,  certainly  belong 
to  several  distinct  formations  ranging  in  age  from  well 
down  in  the  Cretaceous  to  the  lower  Eocene. 

The  thick  series  of  beds  referred  provisionally 
to  the  Laramie  by  Stone  and  including  in  part 
at  least  the  Fox  Hills  ?  and  Laramie  of  Douglass 
were  next  considered.     The  paleontologic  evi- 

MThe  age  and  stratigraphic  relations  of  the  "  Cermopt  beds"  of 
Wyoming  and  Montana:  Washington  Acad.  Sci.  Proc.,  vol.  11,  pp. 
255-aS5, 1900. 


dence  included  dinosaurs  (TViceratops  and 
others),  fresh-water  invertebrates,  which  '^in- 
dicate close  relationship  with  the  fauna  of  the 
Ceraiops  beds  of  Hell  Creek  and  Converse 
County,"  mammals,  and  plants. 

From  what  has  preceded  it  is  of  course 
evident  that  the  previously  accepted  status  of 
the  Laramie  and  Livingston  formations  in  the 
region  under  discussion  had  been  brought 
seriously  in  question.  The  newer  data  bear- 
ing on  the  problems  involved  were  presented 
in  an  important  paper  by  Stone  and  Calvert  *^ 
under  the  title  ''Stratigraphic  relations  of  the 
Livingston  formation  of  Montana,"  in  which 
the  following  was  given  as  the  thesis: 

It  is  the  purpose  of  this  paper  to  show  (1)  that  the  coal- 
bearing  formation  of  the  Livingston  section  is  not  Laramie 
but  is  Eagle  or  at  least  lower  Montana  in  age;  (2)  that  the 
andesitic  beds  above,  known  as  the  Livingston  formation, 
are  not  separated  from  the  underlying  formation  by  an 
unconformity  anywhere  within  the  area  discussed;  and 
(3)  that  their  peailiar  lithologic  character  is  not  a  criterion 
of  specific  age  but  is  a  shore  phase  of  many  formations 
raaoiging  from  Colorado  to  Fort  Union,  inclusive. 

Some  of  the  main  points  advanced  in  this 
paper  may  be  briefly  enumerated.  First,  in 
regard  to  the  Laramie  as  identified  by  Weed, 
Peale,  and  others,  Calvert,  in  studying  the  area 
between  Red  Lodge  and  Livingston,  observed 
an  especially  well  exposed  Mesozoic  section  on 
Boulder  River  in  T.  2  S.,  R.  13  E.,  where  he 
found  invertebrates  that  were  pronounced  by 
Stanton  to  be  of  Colorado  age  at  a  hoi'izon  300 
feet  below  the  lowest  coal.  Several  similar 
collections  were  obtained  on  Trail  Creek,  near 
Electric,  and  elsewhere,  from  a  horizon  "very 
near  the  top  of  beds  previously  considered 
Montana,"  all  being  considered  as  Colorado. 
As  this  determination  does  not  leave  room  for 
the  thick  Montana  section  between  the  Color- 
ado and  the  "Laramie"  coal  measures,  and 
moreover,  as  no  time  interval  has  been  noted 
between  them,  the  conclusion  follows,  accord- 
ing to  Calvert,  that  the  coal  measures  must  be 
well  down  in  the  Montana.  "At  Livingston 
the  section  shows  about  800  feet  of  coal 
measures,  underlain  by  about  3,700  feet  of 
Colorado  shale,  as  measured  below  Yellow- 
stone Canyon."  This  thickness  of  3,700  feet 
accounts  for  the  thickness  assigned  by  Weed 
to  both  Colorado  and  Montana. 


"  Stone,  R.  W.,  and  Calvert,. W.  R.,  Econ.  Geology,  vol.  6,  pp.  551- 
557,  052^609,  741-764,  1910. 
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On  the  east  side  of  the  Crazy  Mountains 
Stone,  starting  with  the  Upper  Cretaceous 
section  as  established  on  Fish  Creek  by  Stanton 
and  Hatcher,  held  that  he  was  able  to  trace  the 
heavy  whitish  Eagle  sandstone  around  the 
north  end  of  the  mountains  and  thence  along 
the  eastern  base  of  the  Bndger  Range  to  a 
point  above  Clyde  Park,  which  was  sub- 
sequently connected  by  Calvert,  except  for  a 
number  of  covered  areas  believed  by  him  to 
be  unimportant,  with  the  coal  measures  near 
Livingston.  The  other  units  of  the  Montana 
group  (Claggett,  Judith  River,  and  Bearpaw) 
were  differentiated  with  more  or  less  certainty 
to  the  vicinity  of  Lennep,  just  east  of  the 
Crazy  Mountains,  but  they  disappear  at  the 
north  end  of  the  mountains  and  southward 
along  the  Bridger  Range,  the  southernmost 
point  at  which  either  has  been  identified  being 
about  10  miles  north  of  Myersburg,  or  40  miles 
north  of  Livingston,  where  the  upper  part  of 
the  Bearpaw  was  seen.  It  was  argued  by 
Stone  and  Calvert  that  south  of  Myersburg  the 
Montana  section  interdigitates  with  and  loses 
its  identity  in  the  thick  Livingston  beds  near 
the  type  locality.  Their  conclusion  was  as 
follows : 

A  great  thicknesB  of  sedimentary  deposits  occunriog  at 
Livingston,  Mont.,  composed  largely  of  tuffaceons  mate- 
rial, has  been  called  the  Livingston  formation.  It  is  de- 
scribed as  lying  unconformably  on  coal-bearing  sandstone 
of  Laramie  age. 

The  evidence,  both  from  stratigraphy  and  invertebrate 
paleontology,  submitted  in  these  pages  shows  that  the  coal- 
bearing  sandstone  is  Eagle  or  at  least  lower  Montana  in  age. 
It  is  admitted  by  paleobotanists  that  the  flora  of  the  upper 


part  of  the  coal-bearing  beds  is  similar  to  the  Livingston 
flora,  the  greater  part  of  which  comes  from  within  600  feet 
above  the  coal-bearing  sandstone.  The  coal-bearing  beds 
are  transitional  into  the  tuffaceous  beds  above .  Therefore, 
the  evidence  of  both  stratigraphy  and  paleobotany  indi- 
cates that  the  Livingston  beds  are  conformable  on  the 
underlying  coal-bearing  beds. 

The  Livingston  formation  was  originally  described  as  a 
lithologic  unit  of  tuffaceous  material  derived  from  volcanic 
activity,  the  material  of  which  the  beds  are  composed  and 
not  the  fossils  determining  the  extent  of  the  f<»ination. 
Beds  of  this  character  are  most  abundant  in  the  Livingston 
region,  but  they  have  been  traced  north  and  east  around 
the  Crazy  Mountains,  where  beds  of  similar  lithology  are 
found  in  all  the  formations  from  Colorado  to  Fort  Union 
and  where  they  feather  out  into  and  merge  with  fresh  and 
bracldsh  water  and  marine  deposits. 

Stratigraphic  relations,  marine  invertebrates,  and  fossil 
plants  prove  the  Montana  age  of  the  lower  part  of  the  tuffa- 
ceous  beds  on  the  west  side  of  the  C>azy  Mountains  (Higi- 
nally  mapped  by  Weed  as  Livingston.  Northeast  of  the 
mountains  some  of  the  tuffaceous  beds  are  younger  than 
Bearpaw  and  older  than  Lance,  while  the  youngest  of  the 
andesitic  deposits  are  Fort  Union.  From  this  evidence  it 
is  concluded  that  the  lithologic  unit  of  tuffaceous  deposita 
originally  described  as  the  Livingston  formation  has  no 
definite  age  and  no  formational  value  except  in  the  imme- 
diate vicinity  of  the  type  locality. 

I  dissent  from  the  above  conclusions  and 
still  hold  that  the  Livingston;  at  least  in  the 
type  area,  is  of  post-Montana  age. 

In  1912  Calvert  •*  published  two  short  re- 
ports on  the  southern  portion  of  the  area  in- 
cluding the  Livingston,  Trail  Creek,  and  Elec- 
tric coal  fields.  His  conclusions  are  sufficiently 
set  forth  in  the  following  generalized  section  : 

n  Calvert,  W.  R.,  Th«  Livingston  and  Trail  Creek  coal  fields,  Park, 
QaUatin,  and  Sweetgrass  counties,  Mont.:  U.  8.  Qeol.  Survey  Bull.  471, 
pp.  384-405,  1912;  The  Electric  coal  field.  Park  County,  Mont.:  Idem, 
pp.  406  422. 


Geologic  formatioru  in  the  Livingston  district. 


Previous  interpretation. 


Present  interpretation. 


Eocene. 


Livingston,  7,000  feet. 

• 

PoetrLaramie. 

1 

Livingston  formation,  5,000-f-  feet. 

Conformable 

Undifferentiated  Montana,  750+  feet. 

U  llCUIUUrLUl.tjr    

Laramie,  1,000±  feet. 

Upper 

aM.\jkxtinua. 

Montana,  1,800  feet. 

v^/reiaceous.' 

Colorado  shale,  3,700  feet. 

Upper  Cretaceous. 

• 

Colorado,  1,800  feet. 

Dakota,  500  feet. 

Lower  Cn 

3taceous. 

Kootenai  formation,  500  feet. 
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UnVTA  Ain>  GBXEN  BIVBB  BASINS. 

The  Uinta  and  Oreen  River  basins  are  broad 
structural  basins  or  depressions  of  rock  strata 
in  northwestern  Colorado,  southern  Wyoming, 
and  the  adjacent  part  of  Utah.  The  Uinta 
Basin,  which  lies  south  of  the  Uinta  Mountains, 
extends  on  the  east  to  the  foothills  of  the 
Rocky  Mountains  and  on  the  west  to  the 
Wasatch  Mountains  in  Utah  and  is  terminated 
on  the  south  by  the  La  Sal  Mountains  and  the 
San  Rafael  Swell.  It  is  separated  from  the 
Oreen  River  Basin  by  the  anticlinal  axis  of  the 
Uinta  Mountains,  which  reaches  eastward 
through  Axial  Basin,  Colo.,  to  the  White  River 
Plateau  and  the  western  spurs  of  the  Rocky 
Mountains. 

The  Green  River  Basin  was  defined  by 
Emmons  **  as  follows: 

The  Green  River  Basin  proper  ia  a  rudely  triangular 
area  embraced  between  the  Bystems  of  elevation  of  the 
Rocky  Mountains  on  the  east  and  the  Wasatch  Range  on 
the  west  and  extending  from  the  sources  of  the  Green 
River,  in  the  Wind  River  Mountains,  on  the  north,  to  the 
baae  of  the  Uinta  Range,  on  the  south.  *  *  *  From 
the  western  flanks  of  the  Park  Range  to  the  outlying 
ndges  of  the  Wasatch,  a  distance  of  about  150  miles,  [it] 
extends  a  practically  desert  region. 

The  area  as  thus  defined  may  be  considered 
as  the  broader  conception  of  the  Green  River 
Basin.  It  is  capable  of  division  into  a  nimiber 
of  more  or  less  well-defined  subordinate  basins, 
such  as  the  Red  Desert  Basin,  the  Great  Divide 
Basin,  and  the  Green  River  Basin  proper. 

H.  S.  Gale  ^  in  writing  of  these  basins  said: 

These  two  basins  outline  the  dominant  geologic  struc- 
ture of  nearly  the  whole  of  northwestern  Colorado.  They 
are  in  the  form  of  broad  synclinal  folds  or  troughs,  nar- 
rowing to  an  apex  toward  the  southeast.  Within  this 
State  their  longer  axes  are  approximately  parallel,  ex- 
tending from  southeast  to  northwest.  The  coal-beaVing 
rocks  outcrop  in  practically  continuous  rims  around  the 
borders  of  the  basins  where  they  have  not  been  buried  by 
later  formations,  and  the  strata  dip  toward  the  interior  of 
the  basins. 

These  basins  have  been  the  scene  of  pro- 
longed  geologic  research,  especially  in  view  of 
the  bearing  they  have  or  have  been  supposed 
to  have  on  the  problems  under  consideration. 
The  several  fields  will  be  taken  up  in  sequence, 
so  far  as  possible. 

«•  Emmons,  S.  F.,  U.  S.  Oeol.  Expl.  40th  Par.  Rept.,  toI.  2,  p.  191, 1877. 
M  U.  S.  Oeol.  Survey  BuU  316,  p.  270, 1907* 


UINTA   BASIN. 
BOOK  ClXm  FIBXJ>p  UTAH  AHD  OOLOBADO. 

The  Book  Cliffs  coal  field  forms  a  part  of  the 
southern  rim  of  the  Uinta  Basin  and  extends 
from  the  vicinity  of  Mount  Hilgard,  in  central 
Utah,  northward  to  Castlegate  and  thence 
southward  to  Colorado  (formerly  Grand)  River, 
in  Colorado,  beyond  which  it  forms  the  south- 
ern face  of  Grand  Mesa.  The  geology  of  the 
Book  Cliffs  was  first  studied  by  A.  C.  Peale,**  of 
the  Hayden  Survey,  who  in  1876  examined 
the  eastern  part  of  the  field.  In  his  report  the 
rocks  now  referred  to  the  Mesaverde  were 
separated  into  *'Fox  Hills"  and  "Laramie," 
though  it  was  recognized  that  there  is  no 
lithologic  break  between  the  two,  and  this 
nomenclature  was  an  attempt  to  conform  to 
the  subdivisions  used  in  other  fields. 

The  western  part  of  the  field  was  embraced  in  a 
map  of  the  Uinta  Basin  by  George  H.  Eldridge** 
published  in  1901  in  his  report  on  asphalt  and 
bituminous-rock  deposits.  On  this  map, 
which  is  of  small  scale,  the  Book  Cliffs  are 
simply  denominated  Cretaceous,  but  in  the 
description  of  the  formations  in  the  Uinta 
Basin  *^  the  uppermost  member  of  the  Creta- 
ceous, which  contains  the  workable  coals  of 
the  region,  is  referred  to  the  Laramie. 

The  above-mentioned  reports  have,  until 
recently,  been  practically  the  only  source  of 
information  concerning  the  geology  of  this 
region,  though  several  short  papers  dealing 
with  the  coal  deposits  were  published  by  Hills, 
Storrs,  Lakes,  and  others. 

In  1905  Joseph  A.  Taff**  made  a  careful 
study  of  the  western  part  of  the  Book  Cliffs 
field  from  the  vicinity  of  Sunnyside  to  Castle- 
gate, Utah,  and  its  southern  continuation 
along  the  escarpment  of  the  Wasatch  Plateau. 
In  his  report  comparatively  small  space  was 
devoted  to  the  geology,  which  he  summed  up 
as  follows: 

The  rocks  are  naturally  arranged  in  thick  groups  of 
strata.    In  each  group  either  sandstone  or  shale  greatly 

M  Geological  report  on  the  Grand  River  district:  U.  8.  Geol.  and  Qeog. 
Survey  Terr.  Tenth  Ann.  Rept.,  for  1876,  pp.  170-186, 1878. 

M  The  asphalt  and  bituminous-rock  deposits  of  the  United  States: 
U.  8.  Qeok.  Survey  Twenty  second  Ann.  Rept.,  pt.  1,  p.  332, 1901. 

•v  Idem,  p.  334. 

••  Book  Cliffs  coal  field,  Utah,  west  of  Green  River:  U.  S.  Oeol.  Survey 
BuU.  285,  p.  289,  1906. 
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tARAMie   FLORA  OF  THE   DE3i^TER  BASDT. 


predotninAt4«.  They  contain  scant  ffMBil  rRmaina,  an<i 
sufficient  infonnation  re^ardin*^  their  agr^  has  not  he<»n 
ol>tained  to  correlate  them  with  similar  weOrkmown  h*^la 
in  other  parts  of  the  country.  The  entire  section  is  wirh- 
otit  doubt  Oetaceoofl,  and  the  principal  coal- bearing 
strAtft  Are  within  the  Laramie  formation. 

The  following  year  (1906)  the  eastern  part  of 
tlie  Book  Cliffs  field  was  studied  by  G.  B. 
H,ichardson,  and  a  preliminarr  report  was 
issued  in  IQOT.*  In  this  report  was  receded 
a  complete  change  of  front  regarding  the  age 
of  the  coal-bearing  rooks.     Richardson  said: 

l^oflsils  have  been  found  at  several  horizons  becwipen  JUO 

feet  from  the  base  and  250  feet  from  the  top  of  the  K>niia- 

tion .     They  consist  of  land  plants  and  creeh-  and  brackish- 

^v^ter  invertebratee.    The  evidence  of  the  ^jmlIs  and  the 

seneral  stratigraphic  and  areal  relations  of  the  beds  tneether 

indicate  that  the  coal^bearin^  K>rmatioa  should  be  rececred 

to  the  Meeaverde  rather  than  to  the  Ijununie.    The  trui- 

sltion  from  the  Mancos  to  the  Meeaverde  i*  marked  Iirho- 

lof^ii^lly  by  the  im^reasing  pre\^eace  oi  mad  and  pau^^n- 

tolo|;tcaUy  by  the  chan^  (hxtt  uiartne  to  bni(L*kju<h-  and 

fifi«ih- water  ix>nditiiittt».    l>n  litholoKtc  ^tTound;*  all  the  i-val 

bedM  would  be  claMMHi  with  the  Mnd^one-^^hale  :vnu^::oa. 

th**  prt^ter  part  i^  which  at  least  ie^  vvneadecvd  h>  N* 

Mewavt^nle. 

'IVo  year*  later  U1HH>^  Kicharvbons  full 
report  on  this  fielii  *  wh^j  published,  and  ii;  th'^i 
report  the  reH»on5>  for  referring*  the  iwil-beanu^ 
vockii  to  the  Miv^a\ei\U>  \vei*e  uu>re  fuMv  s^»t 
forth : 

Thwre  ha*  \m>\\  uuu'h  uu!iappreht^UHiv»a  wuvvrtiin^  the 
atft)  t*^  the  coal-lH»AriiiK  r\H'k*  o<  the  I'xuta  IWiu  In  the 
Houk  VVxtt*  tiold,  a*  aln^adv  «tat%Hi.  IVale  mappevi  the 
roc'ks  hi*rii  reft^rrtnl  to  the  Me««a\er\le  a*  two  iWwwtion;^ 
ami  (Correlated  them  nv«|HH  unoIn  with  the  '  Ko-\  UjIU  '  and 
i\m  "l^araiuio  "  Later  \^riu*»ti  ha\e  wiuuvleiXHl  the 
itiiiirn  foriimtiou  to  U^  I  amiuio*  Ihs^^ujh'  a  o\efhe#  nurute 
( trtilucinKiM  ImhIh  uiui  \\\  turn  w  o\v»U»u  tv\  N\ Asaiv  K  sirntak 
aitil  lilt*  fttium  ami  lK»ra  wviv  bclvoswl  lo  Ivloux  iv»  tht' 
{.uiiiiitiu 

'Dim  mumm  for  I4>»«»niamj  (Uo  ^^»al  Uh4»uv<  iVmuuivu  v4* 
))mi  Mdiik  rilltu  \n  I  ho  MiMmMMdo  movi^UuuM  m  ihv  K»iU»^ 
liiK  luliui  I  rinm  a  lu(UM  ul  T   \\    vSi.uav»u  lo  iho  ^uur 

"Im   luallnutbU'iu  Tulou^^U',   m»uU»r»u   \\\oiuuv<.  aiuI 

»  )rti;^llMl»l     llUiUS     ill     Uu«    \'\^\  Wm\\\M    \\^y\ii     |Mv\IoUhI\ 

f*4lli.i|  Luiaiuln  HU»  huOU  \»lvU»J  »oul  »nvv»\r»U*u  ^n  uihhik* 
n<lMM>M(|tt     liiiiuiUhiUH.     limn    ^•onr«|s»HvUu^     >\uh     tho 

'  IiMm  mI)  '♦'  »  M»  III  llui  Ml  tta\»«iJo  ol  luMilwMviioiu  iv^K^irtvlo, 
Ithtuht  m1'»h      1 1   Iw  ailmll  It'll   \\\is\   \\\\"*\  ^^1   Ou»  Uv«».xil:*  \u 

^,,  f  .,  i    ,,,    h    )|     I  In   II  I. <k  Mill    I  ..0  II' I'l,  l«i'»v\*'»>n  v.«  411*1  K.NW. 
/    ,        ,,    I  .,((/(.,. lit     I'ImIi     \     '«    In.ij     MiiwN    l»uH    \\\v   |>|»    »0*  iV. 

.  tti 

fi    t    ,  I     n   h    )l     |i      imimI    Mtiii  k>  i>l  IIm' U>*<>k  V'Uil<  \  >*kl  ilcKIUo 

.    ',>    ,   Mm      I     I  '.!■.    .M«>l  'luniM   il»-    '  I  ill    ^     *'    ^<»'»**    *«\n>v^\ 


qTi#vrion  msra  the  Book  <  liifs  would  not  seem  out  of  place 
in  the  Laramie,  vf^t  their  close  agreement  with  those 
known  to  ocmr  in  the  Meaaverde  of  a  neighboring  area 
and  tfa«  eeneral  stiadgimphic  and  areal  relations  of  the 
roc  k^  in  which  thev  are  found  make  this  reference  to  the 
Meeaverde  nuet  reaaooable.  The  ttnccmformable  relations 
thai  •loiibrieas  exist  between  these  rocks  and  the  overlying 
WaaatrM  will  explain  the  abaence  of  the  later  Cretaceous 
rocks  trooi  die  area.  ** 

^ULXD  maMJk  AMD  WWMT  XLX  mCfUWtAm,  COI^RADO. 

The  Grand  Mesa  and  West  EHk  Mountains 
include  a  venr  con.4derabIe  area  on  the  south- 
era  rim  o(  the  Uinta  Basin,  lying  partly  in 
west-central  Colorado  and  partly  in  eastern 
Utah.  The  Grand  Mesa  field  extends  west- 
ward into  the  Book  Cliffs  field  and  eastward 
irto  the  .\iithrarite-Cre&ted  Butte  region  and 
th^m*e  westward  along  the  Grand  Hogback, 
which  in  turn  connects  in  part  with  the  field  in 
Carb«>a  Count  v.  Wvo. 

The  Ciistem  portion  of  this  field  was  studied 
in  1574  by  A.  C.  Peale**  of  the  Hayden  Survey, 
before  the  I.aramie  had  been  estabUshed. 
Pi'dle  ga^  e  many  sections  of  the  rocks,  espec- 
ially alor^  G'^nd  and  Gimnison  rivers,  and 
statevi  that  in  some  places  he  had  difficulty  in 
d«<:LKiri::>h-rg  between  Cretaceous  Nos.  4  and 
3.  or  Net  ween  Pierre  and  Fox  Hills.     He  said: 


The  upper  pi>rt»?n  X  these  beds  may  pcnsibly  have  to 
be  retenvd  to  the  Lx^nidc  gzoup«  but  for  the  piesent  I 

reter  theoi  to  the  I'pper  Cretaceoos. 

•  Ou  the  publication  of  the  Geological  Atlas 
of  the  lUvdon  Survey,  in  ISSl.  the  coal-bearing 
rvvk<  of  tiii-i  r^*^ioii  were  n^^f erred  to  the  Lara- 
mie. ^IvA-h  havl  then  becvmie  very  generally 
hvwpUxI.  aiul  this  reference  was  followed  in  the 
iiiHUi  b\  i^vIo5:Uts  who  had  occasion  to  discuss 
l!ie  jtroA.  Pius  iu  IS'^M  GtH^r^re  H.  Eldridge, 
ill  llie  Atit!irHcit<^l>v*>tevl  Butte  folio,  gave  a 
^iviivui  wbaoh.  at  least  frv>m  the  base  of  the  Fox 
UilU.  eorrv^^viuis  in  part  with  that  of  the 
UhxvIvU  Survey  Atljis.  The  coal-bearing  beds 
we IV  Tv  tVnwl  tosis  the'*  Laminie  coal  measures" 
Hiul  wore  saivl  to  hitve  a  maximum  thickness 
of  -aHV  feet:  th\v  were  described  as  being 
ONerlniu  utuvnformablv  bv  the  Tertiarv  Ohio 

fvU'M\Htlv>U, 

hi  iwr  \Y.  'l\  Lee*  iuvestiirated  the  Grand 
NKwH  ev^nl  ♦ielvl  huvI  obtained  infonnation  which 


«  I     N  v;os«i    »"«i  vUsy   <':'\f>  r^r».  A:: v.  K-'pt.  St  I'^Ti.  pp.  73-17!^, 
» l*v   \V     V     V^*  v;t.*-U  Mv\v*  v-v>i*  d'-Xl  CWv\  r.  S.  G«oI.  Surrey 


L. 


HISTORICAL  REVIEW   OF  THE  LARAMIE  PROBLEM. 


57 


made  it  necessary  to  modify  greatly  the  deter- 
mination of  the  age  relations  of  the  principal 
coal-bearing  portion  of  the  section,  until  then 
accepted  as  Laramie.  It  was  referred  to  the 
Mesaverde  formation  and  was  described  by  Lee 
as  follows: 

The  lower  part  of  it  [Mesaverde]  was  called  "Fox  Hilla" 
and  the  upper  part  '^ Laramie"  by  the  geolog:i8t8  of  the 
Hayden  Survey,  and  other  geologists  have  followed  them 
in  referring  the  coal  to  the  Laramie.  However,  a  study  of 
the  fossils,  in  connection  with  the  stratigraphy  of  western 
Colorado,  proves  that  it  is  much  older  than  the  Laramie, 
and  the  entire  series  of  C9al- bearing  roclcs  in  this  field  is 
now  referred  to  the  Mesaverde  formation,  originally  named 
by  Holmes  in  southwestern  Colorado.  Where  the  full 
section  is  exposed  the  Mesaverde  is  separated  from  the 
Laramie  by  a  marine  formation  known  ae  the  Lewis  shale, 
but  in  the  Grand  Mesa  field  there  is  no  representative  of  the 
Lewis  or  Laramie  beds.  The  sedimentary  rocks  of  Ter- 
tiary age  rest  unconformably  upon  the  Mesaverde. 

Lee  *  continued  and  extended  the  work  in  this 
field  in  1909.  On  further  and  more  critical 
study  it  was  found  possible  to  separate  the 
Mesaverde  into  several  members,  as  follows: 
The  Rollins  sandstone  member,  at  the  base,  is  a 
white  clifiF-making  sandstone  containing  f ucoids 
and  marine  invertebrates.  Above  this  is  the 
Bowie  shale  member,  with  a  maximum  thick- 
ness of  about  425  feet,  composed  of  dark- 
colored  shale  and  gray  sandstone.  It  con- 
tains marine  and  brackish-water  invertebrates 
and  important  coal  deposits;  it  is  not  present 
in  all  parts  of  the  field.  Unconformably  above 
this  is  the  Paonia  shale  member,  400  feet  thick, 
made  up  of  sandstone  and  shale,  in  places 
carbonaceous,  with  plant  remains,  mainly 
fresh-water  invertebrates  and  coal  deposits. 
Above  the  Paonia  is  what  is  called  the  undif- 
ferentiated  part  of  the  Mesaverde,  a  series  of 
gray  quartzose  sandstones  and  shales  some 
2,000  feet  thick,  containing  plants  and  fresh- 
water invertebrates. 

The  Paonia  shale  member  and  the  overlying 
undifferentiated  Mesaverde  constitute  the  beds 
which  had  previously  been  called  Laramie  and 
which,  according  to  Lee,  **may  prove  to  be 
Laramie  or  younger.''  The  age  significance 
of  the  invertebrates  from  these  beds  was  inter- 
preted by  Stanton  as  follows: 

Although  this  honmarine  fauna  contains  many  Laramie 
elements,  on  the  whole  it  agrees  better  with  the  &.una  of 
the  Mesaverde  as  we  are  now  beginning  to  know  it,  and  the 
stratigraphic  and  structural  evidence  of  the  entire  r^on, 

*  Lee,  W.  T.,  Coal  fields  of  Grand  Mesa  and  the  West  Elk  Mountains, 
Colo.:  U.  S.  Qed.  Survey  Bull.  510, 1912. 


including  the  Durango,  Grand  Hogback,  and  Yampa 
fields,  is  strongly  in  favor  of  referring  all  the  upper  coal- 
bearing  beds  of  the  Grand  Mesa  field  to  the  Mesaverde. 

.  The  plants  were  critically  reviewed  by  me 
as  follows: 

In  conclusion  I  feel  justified  in  stating  that  in  my 
opinion  the  beds  containing  the  plants  here  under  dis- 
cussion are  of  post-Montana  age.  The  facte  upon  which 
this  conclusion  is  based  are  (1)  the  apparently  satisfactory 
demonstration  of  an  unconformity  between  the  upper  and 
lower  coal-bearing  rocks,  (2)  the  fact  that  the  marine 
invertebrates  are  confined  to  the  beds  below  the  uncon- 
formity, (3)  the  fact  that  the  plants  are.  confined  to  the 
beds  above  the  unconformity,  (4)  the  marked  difference 
in  the  quality  of  the  coals  in  the  lower  and  upper  beds — 
that  is,  below  and  above  the  unconformity,  (5)  the  marked 
resemblance  between  the  plants  of  the  Grand  Mesa  field 
and  those  of  Black  Buttes,  Wyo.,  which  is  only  a  <3hort 
di<itance  north,  and  (6)  when  the  first  report  was  given, 
comparisons  of  the  plants  were  made  with  areas  then 
tentatively  regarded  as  Montana  but  which  subsequent 
investigation  has  shown  beyond  much  question  to  be  of 
post-Montana  age. 

From  the  above  exposition  it  appears  that 
the  upper  coal-bearing  beds  in  the  Grand  Mesa 
region  that  were  formerly  regarded  as  of 
Ijaramie  age  are  now  tentatively  classed  as 
Mesaverde,  with  the  possibility  that  subsequent 
study  may  prove  that  they  are  Laramie  or 
younger.  In  any  event,  their  reference  to  the 
Laramie  is  not  now  accepted. 

OLBVWOOD  8PRZNOS  ABSA,  OOLORADO. 

The  Glenwood  Springs  area  is  directly  north 
of  the  Grand  Mesa  area  and  is  •in  stratigraphic 
connection  with  it.  It  has  been  studied  by 
A.  L.  Beekly,  of  the  United  States  Geological 
Survey,  but  the  report  is  not  yet  published. 
A  brief  description  of  this  field  Was  given  by 
Gale,"  who  showed  that  it  also  merges  with  the 
Grand  Hogback  field  and  has  the  same  struc- 
tural relations.  The  section  of  coal-bearing 
rocks  is  essentially  the  same  as  that  of  Grand 
Mesa  and  like  it  was  referred  to  the  Mesaverde, 
and  both  I^ewis  and  Laramie  were  believed  to 
be  absent.  In  considering  the  paleobotahic 
evidence  for  the  possible  '* Laramie  or  later'' 
age  of  the  beds  in  the  Grand  Mesa  area  above 
the  Paonia  shale,  I  wrote  as  follows'  concerning 
similar  evidence  in  the  Glenwood  Springs  field : 

If  the  discussions  and  comparisons  made  above  had 
included  the  adjacent  Glenwood  Springs  area,  with  which 

•  Oal«,  H.  S.,  Goal  fields  of  northweBtorn  CoLoonKlo  and  northeastern 
Utah:   U.  S.  Geol.  Survey  BuU.  416,  pp.  12S-138, 1910. 

1  Knowlton,  F.  H.,  In  Lee,  W.  T.,  Coal  fields  of  Grand  Mesa  and  the 
West  Elk  Mountains,  Colo.:  U.  S.  Qeol.  Survey  Bull.  610,  p.  47, 1012. 
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there  is  stratigraphic  connection,  the  po6t-Montana  fades 
would  he  even  more  apparent.  In  the  latter  area  are 
found  such  distinctively  post-Montana  forms  as  Zizyphiis 
fibrillo9us^  Cinnamomum  affine,  Populus  meekiiff  Popului 
mcnodorif  Viburnum  (.ontortujrit  etc.,  which  have  not 
been  noted  in  the  Grand  Mesa  field.  This  but  emphasizes 
the  fact  that  the  collections  of  plants  are  too  meager  and 
obviously  incomplete  to  enable  us  to  reach  thoroughly 
conclusive  results,  though  when  fuller  collections  are 
obtained,  as  in  the  Glenwood  Springs  area,  tho  resemblance 
to  higher  beds  is  accentuated. 

O&AITD  HOOBAOK  AVX>  DAVFOBTH  HILLS  ABXA. 

COLORADO. 

The  important  coal  area  of  the  Grand  Hog- 
back and  Danforth  Hills  lies  along  the  eastern 
rim  of  the  Uinta  Basin  and  is  in  direct  strati- 
graphic  connection  with  tho  Qlenwood  Springs 
area,  on  the  southeast,  while  to  the  west  it 
passes  with  some  interruptions  into  the  less 
important  coal  field  of  Uinta  County,  Utah. 
^This  general  region  was  visited  in  1872  by  S.  F. 
Emmons,®  of  the  Fortieth  Parallel  Survey,  and 
in  1876  and  1877  by  C.  A.  White,*  of  the  Hay- 
den  Survey.  White  referred  the  cod-bearing 
rocks  of  this  region  to  the  Fox  Hills  and  Lara- 
mie. The  Fox  Hills,  in  accordance  with  what 
he  called  the  '^modified  classification  of  the 
Cretaceous  strata  adopted  in  this  report," 
included  both  the  Pierre  and  Fox  Hills  of  the 
Missouri  River  section  and  was  regarded  as  of 
Cretaceous  age,  while  the  Laramie  was  classed 
as  post-Cretaceous  and  was  supposed  to  be 
transitional  between  Cretaceous  and  Tertiary. 

A  number  <Jf  other  reports  on  the  coal  re- 
sources of  the  region  by  Chisholm,  Hills, 
Storrs,  Hewett,  and  others  do  not  need  special 
mention  in  this  connection. 

This  field  was  studied  bv  H.  S.  Gale  »•  in 
1906,  and  the  final  results  in  this  and  other 
related  areas  in  northwestern  Colorado  and 
northeastern  Utah  were  published  in  1910." 
The  section  as  worked  out  by  Gale  is  essentially 
the  same  as  that  in  the  Book  Cliffs,  Grand 
Mesa,  and  Glenwood  Springs  fields — that  is, 
the  Mesaverde  formation  was  regarded  as  the 
uppermost  or  youngest  formation  of  the  L^pper 
Cretaceous  section  in  this  part  of  the  basin. 
The  divisions  established  by  Lee  in  the  Grand 
Mesa   region   were   not  recognized   by  Gale, 

s  U.  S.  Oed.  Expl.  40th  Par.  Rept.,  vd.  2,  pp.  167-180, 1877. 

•  U.  S.  Oeol.  and  Oeog.  Survey  Terr.  Tenth  Ann.  Rept.,  for  1876,  pp. 
&-60, 1878. 

M  Coalfields  of  the  Danforth  Hills  and  Orand  Hogback,  in  northwestern 
Colorado:  U.  S.  Oeol.  Survey  Bull.  316,  ig06,  p.  264, 1007. 

u  Coal  fields  of  northwestern  Colorado  and  northeastern  Utah:  U.  S. 
Survey  Bull.  416,  1910. 


though  he  divided  the  Mesaverde  into  lower  and 

upper  members,  the  line  of  separation  being  in 

many  parts  of  the  field  a  conspicuous  white 

sandstone.    The  character  of  tho  two  members 

was  described  as  follows: 

Foflsil  invertebratee  have  been  found  in  almost  all  parts 
of  the  Mesaverde  formation.  They  indicate  that  the  lower 
part  is  lai^gely  of  marine  origin,  up  to  and  probably  in- 
cluding the  ''white  rock."  Above  the  "white  rock'* 
fresh  and  bracldsh  water  invertebrates  and  plants  indicate 
a  change  of  character  in  the  body  of  water  in  which  the 
succeeding  beds  were  formed.  The  fresh  or  brackish 
water  conditions,  however,  were  not  permanent  and  gave* 
way  to  true  marine  conditions  again  near  the  top  of  the 
formation. 

The  absence  of  the  Lewis  shale  and  the 
''Laramie,''  both  of  which  are  present  in  the 
adjacent  Yampa  field,  may  of  course  be  ex- 
plained in  either  of  two  ways — that  is,  they 
may  never  have  been  deposited  in  this  basin, 
or,  if  deposited,  they  may  have  been  removed 
by  erosion.  The  fossil  plants,  so  far  ^  they 
have  been  discussed  in  published  reports,  ap- 
pear to  be  of  Mesaverde  types,  but  there  is 
some  evidence  not  yet  published  that  suggests 
the  possibility  that  the  Laramie  also  may  be 
represented  here.  Be  this  as  it  may,  however, 
the  Laramie  is  not  now  recognized  as  present 
in  the  Grand  Hogback  and  Danforth  Hills 
fields,  or,  indeed,  in  the  Uinta  Basin. 

The  conditions  just  described  may  be  traced 
westward  from  the  Danforth  Hills,  except  that 
the  unconformity  separating  the  Mesaverde 
from  the  overlying  Tertiary  appears  to  cut 
deeper  and  deeper.  Thus  at  Vernal,  Utah,  the 
Mesaverde  is  only  about  1,500  feet  thick,  and 
the  upper  coal-bearing  portion  is  thought  to  be 
absent,  and  in  the  Deep  Creek  district  in  Uinta 
County,  Utah,  the  whole  of  the  Mesaverde  has 
apparently  been  removed.  Reports  on  sev- 
eral of  these  fields  have  been  made  by  Gale," 
Lupton,"  and  others,  but  as  the  Laramie  is  not 
involved,  they  may  be  passed  over. 

GREEN   BIVER  BASIN. 
YAMPA  COAL  FXBLD.  COLORADO. 

The  Yampa  field,  which  occupies  a  consid- 
erable area  in  Routt  County,  Colo.,  lies  along 

■ "  '  -■  1—^— 

u  Gale,  H.  S.,  Coal  fields  of  northwestern  Colorado  and  northeastern 
Utah:  U.  S.  Oeol.  Survey  BuU.  415,  pp.  179-219,  1910;  Geology  of  the 
Rangely  oil  district,  Rio  Blanco  County,  Colo.:  U.  S.  Geol.  Survey  Bull. 
3W,  1908. 

u  Lupton,  C.  T.,  The  Deep  Creek  district  of  the  Vernal  coal  field, 
Uinta  County,  Utah:  U.  S.  Geol.  Survey  Bull.  471,  p.  579,  1912;  The 
Blacktail  (Tabby)  Mountain  coal  field,  Wasatch  County,  Utah:  Idem, 
p.  505. 
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the  southern  border  of  the  Oreen  River  Basin 
and  is  separated  from  the  Uinta  Basin  by  an 
anticlinal  axis  that  extends  from  the  Uinta 
Moimtains  eastward  to  the  Rocky  Mountains. 
At  one  point  in  Axial  Basin  only  about  4  miles 
intervenes  between  theYampa  and  Danforth 
Hills  fields,  yet  the  sections  of  coal-bearing  rocks 
in  the  two  areas,  as  published,  are  considerably 
different. 

The  Yampa  field  was  studied  by  members  of 
both  the  King  and  Hayden  surveys,  and  the 
coal-bearing  rocks  were  in  large  part  referred 
to  the  Laramie,  a  reference  that  became  more 
and  more  firmly  fixed  as  time  went  on;  in  fact, 
the  whole  coal-bearing  section'  was  accepted  as 
of  this  age  until  about  1905.  In  that  year  this 
field  was  investigated  by  Fenneman  and  Gale,^^ 
who  were  able  to  divide  the  Cretaceous  portion 
of  the  coal-bearing  rocks  into  three  forma- 
tions— the  Mesaverde,  which  was  believed  to 
correspond  in  whole  or  in  part  to  the  beds  so 
named  in  southwestern  Colorado;  the  Lewis 
shale,  a  marine  formation  of  soft  shales  and 
sandstones  overlying  the  Mesaverde;  and  the 
Laramie.  This  field,  together  with  the  others 
to  the  south,  was  more  fully  considered  by 
Gale  »  m  1910. 

The  "Laramie"  in  the  Yampa  field  was  de- 
scribed as  being  about  1,200  feet  thick  and 
composed  of  relatively  soft  sandstones  and 
shales.  It  was  said  to  be  Umited  at  the  top 
by  an  unconformity  that  separates  it  from 
overlying  Tertiary  beds,  also  coal-bearing, 
which  are  probably  to  be  regarded  as  Fort 
Union  or  its  equivalent.  The  base  of  the 
"Laramie'' — that  is,  the  Une  separating  it 
from  the  Lewis — was  apparently  established 
with  difficulty;  in  fact,  it  appears  to  have  been 
drawn  arbitrarily  in  this  field.  On  this  point 
Gale  said: 

A8  mapped,  the  formation  is  intended  to  represent  a 
group  that  is  distinguished  from  those  adjacent  by  a 
difference  of  rock  composition  and  that  may  be  recognized 
by  this  distinction  in  the  field.  In  the  case  of  the  Lara- 
mie the  feature  that  distinguishes  it  from  the  underlying 
Lewis  shale  is  the  presence  of  sandstone  beds  that  form 
prominent  ridges  or  ledges  in  the  topography.  Unfor- 
tunately the  horizon  of  its  lowest  sandstone  does  not  appear 
to  be  constant  in  different  parts  of  the  field,  so  that  if  it 
were  possible  to  fix  on  a  single  definite  plane  as  marking  the 
basal  member  of  that  formation  and  trace  it  throughout  the 

^*  Fenneman,  N.  M.,  and  Qale,  H.  S.,  The  Yampa  coal  field,  Routt 
County,  Colo.:  U.  S.  Geol.  Survey  Bull.  297, 1906. 

u  Qale,  H.  S.,  Coal  fields  of  northwestern  C<dorado  and  northeastern 
Utah:  U.  S.  Qeol.  Survey  Bull.  415,  1910. 


field,  it  would  not  everywhere  lie  in  the  same  relation  to 
the  lowest  of  the  principal  group  of  sandstones  overlying. 
Furthermore,  though  the  formation  as  a  whole  is  consid- 
ered to  mark  the  transition  from  marine  to  brackish  and 
fresh  water  deposits,  the  fossils  found  in  the  lowest  part  of 
the  sandstones  included  in  the  Laramie,  including  those 
in  the  massive  sandstone  beds,  are  distinctly  marine  and 
include  a  fauna  apparently  not  distinguishable  from  that 
of  the  Lewis  beneath. 

North  of  Craig  the  relations  at  the  base  of 
the  '^Laramie''  appear  to  be  particularly  un- 
certain.    Oale  stated: 

The  base  of  the  Laramie  formation  has  been  assumed  to 
be  at  the  base  of  the  ledge  that  forms  the  prominent  cliff 
or  rock  wall  just  north  of  the  town.  The  outcrop  of  this 
stratum  may  be  traced  almost  continuously  for  about  6 
miles  west  of  Craig,  but  beyond  that  it  is  concealed  by 
the  overlapping  deposits  of  the  Browns  Park  formation. 
Similar  beds  are  again  revealed  farther  west.  *  *  *  In 
that  regioti  the  identity  of  the  horizon  already  adopted  as 
marking  the  base  of  the  Laramie  is,  however,  much  in 
doubt. 

UTTLS  SVASS  BIVBR  AREA,  WYOMHrO  AVD  COLORADO 

The  area  drained  by  little  Snake  River  ex* 
tends  from  the  Sierra  Madre  westward  to  the 
Red  Desert,  and  from  the  summit  of  the  Elk* 
head  Mountains  in  Colorado  northward  to  the 
divide  separating  this  area  from  the  Great 
Divide  Basin,  which  is  just  south  of  the  Union 
Pacific  Railroad.  It  is  separated  by  the  Elk- 
head  Mountains  from  the  Yampa  field,  con- 
sidered above. 

The  western  part  of  this  field  was  studied  by 
M.  W.  Ball  *•  in  1907,  and  the  eastern  part  by 
Ball  and  Stebinger  ^^  in  1908.  The  section  is 
essentially  the  same  as  that  of  the  Yampa 
field  and  also  of  the  field  studied  by  A.  C. 
Veatch  in  east-central  Carbon  County.  As 
these  areas  will  be  considered  in  detail  in  dis- 
cussing the  relations  between  the  Laramie  of 
the  Denver  Basin  and  the  so-called  ''Lower 
Laramie'*  of  Veatch,  no  further  mention  at 
this  point  is  necessary. 

CARBON  COUHTT,  WTOKlirO.  AHD  ADJACBVT  ARZAa. 

An  extensive  area  l3'ing  mainl^^  in  east- 
central  Carbon  County,  Wyo.,  just  east  of 
the  Green  River  Basin  and  forming  the  west- 
em  part  of  what  has  sometimes  been  desig- 
nated the  Laramie  Plains,  is  a  structural 
and  geologic  basin  lying  in  the  angle  where 

u  Ball,  M.  W.,  The  western  part  of  the  Little  Snake  River  coal  field, 
Wyo.:  U.  S.  Oeol.  Survey  Bull.  341,  p.  243, 1900. 

"  Ball,  M.  W.,  and  Stebinger,  Eugene,  The  eastern  part  of  the  Little 
Snake  River  coal  field,  Wyo.:  U.  S.  Geol.  Survey  Bull.  381,  p.  186, 1010. 
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the  Rocky  Mountains,  from  their  v^est  of 
south  course  through  Colorado,  turn  north- 
westward through  Wyoming  toward  the  Yel- 
lowstone National  Park.  With  this  area  is 
abo  consideied  a  long,  narrow  jeirea  extending 
southward  from  the  vicinity  of  Rawlins,  Wyo., 
into  Routt  County,  Colo.,  and  connecting 
through  the  Elkhead  Mountains  with  the 
Yampa  coal  field,  which  is  separated  only  by 
the  Axial  Basin  from  the  coal-bearing  rocks 
that  more  or  less  completely  surround  the 
Uinta  Basin. 

East-central  Carbon  County  has  been  the 
scene  of  more  or  less  critical  geologic  study 
for  nearly  50  years.  The  historical  account  of 
this  work  is  presented  in  detail  on  pages 
61-65  and  need  not  be  repeated  here,  ex- 
cept in  so  far  as  is  necessary  to  keep  the 
problem  well  in  mind.  l*he  following  is  the 
section  of  the  rocks  of  the  region  as  worked 
out  by  Veatch:** 

Fe«t. 

North  Park  Tertiary 4, 500 

Unconfonnity. 

Fort  Union 800-2, 000 

"Upper  Laramie" 6,000 

Unconformity. 

"Lower  Laramie" 

Montana: 

Meeaviniie.r  ^^  ™^^'  ^^  early  surveys,  j 

**  Pierre  ahale" 

Colorado: 

Niobrara 

Benton 

Dakota 

Morrison 

Marine  Jurassic 

Red  beds 

Carboniferous 

Pre-Cambrian  crystallines. 

The  section  of  coal-bearing  rocks,  given  a 
thickness  of  12,500  feet  by  Veatch,  was  sup- 
posed, prior  to  his  work  in  1906,  to  be  a  unit 
and  all  referable  to  the  LarHmie.  Veatch's 
discovery  of  a  profound  unconformity,  then 
thought  to 'be  similar  in  position  and  magni- 
tude to  that  detected  by  Cross  in  the  Denver 
Basin,  naturally  made  a  readjustment  neces- 
sary, and  consequently  the  beds  above  the 
unconformity  were  called  the  *'Uj)per  Jjara- 
mie"  and  those  below  it  the  ''Lower  I^ara- 
mie."    The    latter    therefore    corresponds    in 

u  Veatch,  A.  C,  On  the  origin  and  definition  of  the  geologic  term 
"Laramie":  Jour.  Geology,  vol.  15,  p.  527,  1907. 


6,500 

3,000 
3,200 
3,500 

800 

1,500 

150 

200 

76 

1,650 

1,800 


position  to  the  Laramie  of  the  Denver  Basin, 
and  the  present  comparison  is  instituted  to 
ascertain  the  bearing  of  the  floras  on  this 
correlation. 

Fossil  plants  occur  in  greater  or  less  abun- 
dance in  connection  with  the  coal,  especially  in 
the  vicinity  of  Carbon,  where  some  of  the 
earliest  mines  were  situated,  but  it  now  appears 
that  the  work  of  the  Hayden  and  King  surveys 
was  all  along  or  south  of  the  Union  Pacific 
Railroad,  where  the  lower  division  is  usually 
absent,  hence  the  plants  studied  by  Lesquereux 
were  from  the  ''Upper  Laramie;"  and  it  is  now 
plain  why  the ''  Laramie  "  of  this  region  appeared 
to  be  so  distinctively  Tertiary  in  facies.  Since 
the  importance  of  having  collections  from  the 
''Lower  Laramie"  has  become  realized  plants 
have  been  procured  from  many  localities,  as  is 
shown  by  the  lists  on  page  100,  where  fur- 
ther data  on  the  geologic  occurrence  are  given. 

It  was  evident  that  much  more  field  work 
would  be  necessary  in  this  region  before  several 
more  or  less  discordant  views  could  be  har- 
monized. This  was  finally  accomplished  by 
Bowen,  and  his  results  were  published  in  1918 
in  a  paper  entitled  "Stratigraphy  of  the  Hanna 
Basin,  Wyo."^*  In  this  paper  Bowen  made  a 
number  of  important  changes  in  the  interpre- 
tation of  the  Carbon  County  section  as  given 
by  Veatch.    The  two  sections  are  given  below: 

Section  in  Carbon  County ^  Wyo. 


Bowen,  1918. 


Veatch,  1912. 


North  Park  fonna- 
0^400  feet. 


-Unconformity- 


Hanna    formation, 
7,000  ±  feet. 


-Unconformity- 


North  Ptok  Tertiary, 
4,500  feet. 


-Unconformity- 


Fort   Union   forma- 
tion, 800-2,000 
feet. 


Ferris      formation, 
6,500  i  feet. 


Cretaceous. 


Medicine  Bow  for- 
mation, 6,200  ± 
feet. 


Lewis  shale. 


"Upper    Laramie,'' 
6,000  feet. 


-Unconformity- 


* '  Lower    Laramie,  * ' 
6,500  feet. 


Lewis  shale. 


»  Bowen,  C.  F.,  U.  S,  Oeol.  Survey  Prof.  Paper  108,  pp.  227-286, 1918. 
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Bowen    wrote    as   follows    concerning    this 

section: 

« 

Above  the  highest  marine  fonnation — the  Lewis  shale — 
is  a  mass  of  continental  deposits,  divisible  into  four  forma- 
tions having  a  maximum  thickness  of  more  than  20,000 
feet.  For  the  lowest  of  these  formations  the  name  Medi- 
cine Bow  is  here  proposed,  because  the  formation  is  best 
exposed  and  most  easily  studied  along  both  sides  of  North 
Platte  River  at  the  mouth  of  the  Medicine  Bow.  The 
Medicine  Bow  formation  is  the  equivalent  of  the  ''Lower 
Laramie '^  as  defined  by  Veatch.  The  latter  term  is  not 
applicable,  for  the  ''Upper  Laramie,"  in  the  sense  in 
which  that  term  was  originally  used,  is  not  of  Laramie  age. 
As^the  relation  of  the  Medicine  Bow  formation  to  the 
Laramie  of  the  Denver  Basin  can  not  be  determined  by 
field  relations,  and  as  paleontologists  are  not  agreed  as  to 
the  relation  of  the  fossil  remains  found  in  the  two  forma- 
tions, the  use  of  the  unqualified  term  "Laramie*'  is  not 
advisable,  and  it  is  thought  that  confusion  may  be  avoided 
by  the  use  of  an  entirely  new  name  for  the  formation 
hitherto  called  "  Lower  Laramie." 

The  Medicine  Bow  formation  rests  conformably  on  the 
Lewis  shale  and  consists  of  an  alternating  succession  of 
shale  and  massive  to  thin-bedded,  ripple-marked,  and 
cross-bedded  sandstones,  with  several  beds  of  coal  in  the 
lower  third  of  the  formation.    *    ♦    ♦ 

The  Medicine  Bow  formation  is  terminated  above  by  a 
conglomeratic  zone  taken  as  the  base  of  the  Ferris  forma- 
tion, so  nan^ed  because  it  is  best  exposed  at  the  old  Ferris 
ranch,  on  North  Platte  River.  ♦  *  ♦  As  defined  the 
Ferris  formation  is  approximately  equivalent  to  the  lower 
half  of  the  "Upper  Laramie"  of  Veatch.  .  The  congl6m- 
erate  at  the  base  of  the  Ferris  formation  ranges  through  an 
interval  of  about  1,000  feet,  in  which  massive  sandstone, 
more  or  less  conglomeratic,  alternates  with  nonconglom- 
eratic  sandstone  and  shale.  *  *  *  For  the  upper  part 
of  the  "Upper  Laramie"  as  defined  by  Veatch  the  name 
Hanna  formation  its  proposed,  because  the  formation  is 
well  exposed  to  the  west  and  north  of  the  town  of  Hanna 
and  yields  all  the  coal  mined  at  that  place. 

According  to  Bowen,  perhaps  the  most  inter- 
esting structural  problem  in  the  field  relates 
to  the  occurrence  and  magnitude  of  the  imcon- 
f ormities.     He  said : 

There  are  certainly  two  and  possibly  three  uncon- 
formities present.  The  highest  of  these  is  at  the  base  of 
the  North  Park  formation,  which  overlaps  all  other  forma- 
tions in  the  field. 

The  next  lower  unconformity  is  that  at  the  base  of  the 
Hanna  formation,  formerly  assigned  to  the  base  of  the 
Ferris  formation.  It  represents  the  removal  of  more 
rather  than  less  than  the  20,000  feet  assigned  by  Veatch. 

This  was  thought  by  Bowen  to  be  the  uncon- 
formity assigned  by  Veatch  to  the  base  of  his 
'*  Upper  Laramie."  Veatch's  mistake  was  per- 
haps natural,  as  it  resulted  from  rapid  recon- 
naissance work. 
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The  possibility  of  a  third  unconformity — 
namely,  at  the  base  of  the  Ferris  formation — 
was  discussed  at  length  by  Bowen,  who 
showed  that  there  is  a  well-marked  conglom- 
erate at  the  base  of  the  Ferris  formation  and 
in  seeking  to  interpret  its  significance  com- 
mented as  follows : 

The  field  relations  of  the  Ferris  conglomerate  and  the 
underlying  formation  show  (1)  that  the  two  have  been 
equally  deformed;'  (2)  that  there  is  no  angular  discordance 
between  them  either  in  the  Hanna  Basin  or  in  other  areas 
where  both  are  present;  (3)  that  the  Ferris  formation  is 
nowhere  known  to  trani^ess  the  Medicine  Bow  formation 
and  overlap  older  rocks;  (4)  that,  as  previously  indicated, 
the  conglomerate  seems  to  have  been  derived  from  the 
same  source  as  the  Medicine  Bow;  (5)  that  there  appears 
to  be  a  gradual  transition  from  the  Medicine  Bow  formation 
to  the  Ferris  formation. 

Bowen  therefore  concluded 

that  the  weight  of  e\idence  so  far  as  it  can  now  be  int^- 
preted  is  opposed  to  the  existence  of  a  great  unconformity 
at  the  base  of  the  Ferris  formation,  but  it  is  freely  admitted 
that  more  detailed  field  work  over  wider  areas  is  necessary 
to  decide  this  question. 

As  regards  the  paleontologic  evidence  af- 
forded by  what  is  now  called  the  Medicine  Bow 
formation  Bowen  wrote  as  follows : 

The  plants  are  regarded  by  F.  H.  Knowlton  as  of  the 
same  age  as  the  plants  of  the  Laramie  of  the  Denver 
Basin.  The  invertebrates  are  considered  by  T.  W. 
Stanton  as  belonging  to  the  fauna  of  the  Lance  formation. 
The  bones  belong  in  part  to  the  ceratopsians,  but  no 
specimens  have  been  found  that  are  sufficiently  diagnostic 
for  even  generic  determination. 

BLACK  BITTTXS,  WTOMIHO. 

Hardly  anv  other  locality  that  is  involved 
in  the  Laramie  problem  has  given  rise  to  more 
extended  discussions  than  Black  Buttes,  Wyo. 
Being  on  the  lino  of  the  first  completed  trans- 
continental railway,  it  was  early  made  easily 
accessible  and,  moreover,  it  happened  to  fall 
within  the  areas  studied  by  three  of  the  geo- 
logical survey  organizations  that  worked  in 
the  West  40  years  or  more  ago,  with  the  result 
that  it  has  been  discussed  and  described  more 
frequently  and  by  a  greater  number  of  stu- 
dents than  any  other  similar  area  that  has 
been  referred  to  the  Laramie.  The  first 
dinosaur  (Agathuumas  mjlveslrisi)  accredited  to 
the  Laramie,  which  was  supposed  to  fix  the 
Cretaceous  age  of  everything  associated  with  it, 
was  found  at  Black  Buttes,  This  locality  has 
also  afforded  large  collections  of  fossil  plants 
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L*  si^rti  of  the  eariy  history  of  opinion 
^.rsg  Bl^ck  Bottes  has  been  given  on 
•s  ^-9-  it  is  only  neoesaiy  to  refer  to  it 
zz.  itst  briefest  manner  at  this  point.  ^Vs  is 
veil  kii'^wc.  Lesquereux  from  his  studies  of 
zt*'  fcf^ij  plants  ai^ed  strenuously  for  the 
T«rt}aTy  age  of  the  coal  and  plant  bearing  beds 
at  R!*ck  Buttei*.  Hayden  also  r^arded  these 
b*d-  a»  T«iTtiary,  or,  after  the  establishment 
of  the  Laramie,  as  in  a  measure  transitional 
l>^twe0^  Cretaceous  and  Tertiary.  In  1872 
M^#-k  and  Bannister  visited  this  region  and 
^ivr#rered  the  remains  of  the  dinosaur  which 
hit^  piayed  ho  prominent  a  part  in  the  discus- 
^>n  of  the  age  of  these  beds.  These  dino- 
«kixrian  remains  were  described  the  same  3'ear 
by  (jfp^f  who  of  course  referred  the  beds  con- 
Xm\umi%  them  without  hesitation  to  the  Cre- 
♦a/'^#u*^.  uh  hit  and  other  vertebrate  paleon- 
t//i//5p^t4  rfon«*idere<l  the  mere  presence  of 
difi^^t^uni  a»  prwif  positive  of  Cretaceous  ago. 
yt^^kf  in  dii4<rUH'^ing  the  age  of  the  deposits  at 
f{la/:k  Buttles  ('* Bitter  Creek  beds"  of  Powell), 
WHu  extrenu'ly  cautious,  his  statement  being 
HH  follows: 

Ab  me  dm'.o\ered  in  these  rockB  between  three  and  four 
tiin«0  M  many  fper'ieii  of  foiuLB  m  had  been  previously 
known  from  the  iame,  it  becomes  a  matter  of  some  interest 
to  consider  the  whole  with  regard  to  their  bearing  on  the 
question  as  to  the  age  of  the  group.  The  reptilian  remains 
found  at  Black  Butte,  near  the  top  of  the  series,  have,  as 
elsewhere  stated,  been  investigated  by  Prof.  Cope  and  by 
him  pronounced  to  be  decidedly  dinosaurian  and  there- 
fore indicative  of  Cretaceous  age;  on  the  other  hand,  the 
fossil  plants  from  the  same  beds  have  been  studied  by 
Frof.  I>esquereux,  who  informs  me  that  they  are  unques- 
tionable Tertiary  types.  My  own  investigations  having 
been  confined  to  the  invertebrates,  it  is  of  these  chiefly 
that  I  will  speak  here.  In  the  first  place,  it  will  be  seen 
that  all  of  these  yet  known  belong  to  a  few  genera  of  mol- 
liis'.s,  represented  by  some  twelve  or  fourteen  species. 
And  jtmt  hf^re  it  may  be  stated  that,  although  partly  com- 
rnittifd  in  favor  of  the  opinion  that  this  formation  belongs 
Ui  i\u*  Cretat'eoiiH  and  still  provisionally  viewing  it  as 
m'iNt  prolmbly  such,  I  do  not  wish  to  disguise  or  conceal 
tUti  fiM't  that  the  evidence  favoring  this  conclusion,  to  be 
iU*ri\itd  from  the  molhisks  alone,  as  now  known,  is  by  no 
meaiiM  Htron^  ur  couNiming.  The  genera  are  probably  all 
common  both  to  the  Cretaceous  and  Tertiary  as  well  as 
to  the  uresent  epoch. 

Meek  finally  concluded  that  *' aside  from  the 
dinosaurian,  the  organic  remains  favor  the  con- 
clusion that  it  is  Tertiary."     Later,  however 


(1876),  he  recorded  his  impression  that  the 
'* Bitter  Creek  series"  and  the  underlying 
''Point  of  Rocks  series"  should  probably  be 
considered  a  unit  and  hence  were  presum- 
ably Cretaceous,  though  again  he  was  far  from 
positive  in  his  opinion. 

In  1876  J.  W.  Powell  published  his  "Report 
on  the  geology  of  the  eastern  portion  of  the 
Uinta  Mountains,"  which  contains  also  a  chap- 
ter on  the  paleontology  by  C.  A.  White.  In 
this  report  the  "Bitter  Crieek  group"  was 
placed  unqualifiedly  in  the  Tertiary  and  i^as 
described  as  resting  with  marked  angular  un- 
conformity on  the  underlying  "Point  of  Rocks 
group."  In  commenting  on  this  King  '•  wrote 
as  follows: 

Powell  and  White  draw  the  line  below  the  Halh  ille  and 
Black  Butte  coals,  lea^  ing  these  upper  beds,  including  the 
dinosaurian  and  leaf  beds  of  Black  Butte,  in  the  Tertiary. 
They  describe  a  slight  "nonconformity  of  erosion,"  pro- 
ducing little  irregularities  in  the  upper  surface  of  the  bed 
directly  above  the  horizon  of  the  Anomia  and  Oilontobtsis 
in  the  lower  strata  near  Point  of  Rocks.  This,  howe  er. 
draws  an  arbitrary  line  between  the  groups  of  fossils  of 
close  relationship,  some  of  the  identical  forms  occurring 
in  their  upper  Cretaceous  appearing  in  their  lower  Tertiary 
at  Black  Butte.  Moreover,  they  disregard  entirely  the 
e  idence  of  the  dinosaurian,  which  would  seem  to  be  con- 
clusive proof  of  Cretaceous  age.  We  prefer  to  draw  the 
line  at  the  top  of  Black  Butte,  including  the  dinosaurian 
and  plant  beds  in  the  Cretaceous,  belie\ing  also  that  in 
tracing  the  contact  between  the  beds  next  over  the  dino- 
saurian series  and  the  ashy  beds  which  overlie  them  we 
detect  a  flight  unconformity,  which,  when  traced  north, 
seems  both  more  persistent  and  more  observable  than  the 
unconformity  of  erosion  noted  by  Powell,  which  we  fail  to 
follow  north. 

Later  (1877)  White  placed  the  beds  at  Black 
Buttes  in  the  Laramie,  which  he  then  regarded 
as  of  post-Cretaceous  age,  though  ultimately 
he  of  course  came  to  consider  it  as  Cretaceous. 
In  1886  Lestsr  F.  Ward  published  his  ''Synop- 
sis of  the  flora  of  the  Laramie  group,''  in  which 
the  plant  beds  at  Black  Buttes  were  discussed 
and  a  few  plants  were  described.  He  was  not 
able  to  decide  from  the  data  he  employed 
whether  the  Laramie  is  Cretaceous  or  Tertiary, 
though  he  inclined  to  the  then  prevailing 
opinion  that  it  is  Cretaceous. 

In  1896  T.  W.  Stanton  and  I  »^  spent  several 
days  in  studying  the  section  at  Black  Buttes 
and  in  collecting  plants  and  invertebrates.    We 
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did  not  succeed  in  finding  any  trace  of  verte- 
brate remains,  though  the  horizon  that  had 
afforded  the  celebrated  Agathanmaa  was  at 
least  approximately  placed  and  the  beds  care- 
fully searched.  The  conclusion  was  reached 
that  the  beds  here  imder  consideration  rest 
conformably  on  the  underlying  Cretaceous  and 
pass  upward  without  observed  discordance 
into  beds  then  identified  as  Fort  Union  and 
Wasatch.  They  seemed  to  fill  all  the  require- 
ments demanded  by  the  definition  of  the  Lara- 
mie and  were  so  referred. 

For  a  number  of  years  after  the  publication 
of  the  above-mentioned  paper  there  was  little 
activity  in  the  study  of  the  Black  ""Buttes 
region.  In  1907  A.  R.  Schultz  *'  and  party 
made  an  investigation  of  the  coal  resources  of 
the  northern  part  of  the  Rock  Springs  coal 
field  and  reached  important  conclusions  con- 
cerning the  geology  of  this  and  adjacent  areas. 
The  oldest  rocks  exposed  in  the  region  were 
identified  as  of  Montana  age,  and  names  were 
applied  to  them  that  had  been  established  in 
southern  Colorado.  The  lowest,  called  the 
Mesaverde  formation,  is  made  up  of  four  mem- 
bers and  aggregates  5,000  feet  in  thickness. 
Conformably  above  the  Mesaverde  is  the  Lewis 
shale,  composed  of  soft  gray,  drab,  and  black 
gypsiferous  shale  and  soft  shaly  sandstones 
and  forming  a  region  of  low  relief.  The  lower 
part  of  the  Mesaverde  was  said  to  include  in 
the  main  the  '^ Point  of  Rocks  series''  of 
Powell,  and  the  upper  part  of  the  Mesaverde 
and  the  Lewis  shale  Schultz  assigned  to  the 
'^Bitter  Creek.''  Above  the  Lewis  shale  and 
apparently  conformable  with  it  is  the  so-called 
Black  Buttes  coal  group,  which  was  described 
by  Schultz,  as  follows: 

Along  the  east  side  of  the  [Rock  Springs]  dome  the 
Black  Buttes  coal  group  lies  conformably  upon  marine 
Lewis  shale,  which  weathers  readily  and  produces  regions 
of  low  relief.  The  basal  member  of  the  Black  Buttes 
coal  group  consists  of  a  massive  bed  of  yellowish-white 
sandstone,  in  places  over  100  feet  thick  and  not  known  to 
be  coal'  bearing.  This  member,  resting  upon  the  soft, 
friable  Lewis  shale,  forms  steep  hills  and  cliffs  along  the 
contact.  The  rocks  above  the  sandstone  consist  of  a  series 
of  variable  sandstones,  clay,  and. coal  beds  that  lie  ex- 
posed in  the  low  hills  and  ridges  east  of  the  main  scarp. 
On  the  west  side  of  the  dome  this  group  is  absent. 

In  the  tabular  statement  the  Black  Buttes 
coal  group  was  referred  to  as  Laramie  ( ?).  Its 
maximum  thickness  in  this  field  was  given  as 

«  U.  8.  Qeol.  Survey  BuU,  341,  pp.  256-282,  1909. 


2,371  feet.  Restmg  unconformably  on  the 
Black  Buttes  coal  group  is  the  Black  Rock 
coal  group,  which  in  the  table  was  classed  as 
Wasatch,  although  in  the  discussion  Schultz 
stated  that  it  '^is  thought  to  belong  to  the  Fort 
Union  formation."  In  thickness  it  ranges  from 
1,200  to  over  2,600  feet.  The  Black  Rock  coal 
group  was  briefly  described  by  Schultz  as 
follows  : 

At  the  base  is  a  thin  band  of  conglomerate,  ranging  in 
thickness  from  2  to  6  feet.  The  pebbles  are  very  fine, 
consisting  mostly  of  quartz,  although  in  many  places  other 
pebbles  are  present.  This  conglomerate  marks  an  uncom- 
formable  contact  between  this  coal  group  and  the  Black 
Buttes.  Lithologically  this  group  resembles  the  upper 
part  of  the  Black  But  tee  coal  group.  The  sandstone  and 
shale,  however,  are  more  highly  colored  and  more  poorly 
cemented  and  contain  a  large  number  of  spherical  and 
irr^ular  concretions.  The  formation  is  prolifically  coal 
bearing. 

In  the  following  season  (1908)  Schultz  "  in- 
vestigated the  southern  part  of  the  Rock  Springs- 
coal  field,  which  included  the  Black  Buttes 
area,  though  Black  Buttes  is  really  on  the  line 
between  the  two  areas.  The  section  up  to  and 
including  the  Black  Buttes  coal  group  was 
found  to  be  the  same  as  that  just  described  for 
the  northern  part  of  the  Rock  Springs  dome, 
but  above  this  point  in  the  general  section  of 
the  whole  region  a  number  of  differences  were 
discovered.  Although  not  then  known  to  be 
anywhere  exposed  in  the  Rock  Springs  dome,  it 
appeared  from  studies  in  the  Rawlins  area,  to 
the  east,  that  there  is  an  immense  series  of  soft 
sandstones  and  shales,  called  the  Knobs- 
Cherokee  coal  group,  with  a  thickness  of  6,000 
to  9,400  feet,  which  is  to  be  intercalated  be- 
tween the  Black  Buttes  and  Black  Rock  coal 
groups.  If  these  thicknesses  are  even  approxi- 
mately correct,  as  they  are  believed  to  be,  the 
unconformity  between  these  two  series  of  beds 
is  of  course  one  of  tremendous  magnitude.  As 
regards  the  age  determinations,  the  Knobs- 
Cherokee  coal  group  was  referred  by  Schultz  to 
the  ''Upper  Laramie''  of  Veatch  as  defined  in 
Carbon  County,  Wyo.,  while  the  Black  Rock 
coal  group  was  still  referred  to  the.  Wasatch, 
although  containing  a  Fort  Union  flora. 

The  general  geologic  relations  of  the  Black 
Buttes  area  having  been  discussed,  a  more  de- 
tailed description  of  the  beds  in  question  may 
now  be  given.     The  following  is  quoted  from 
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the  paper  by  Stanto     and  Eiiowlton  already 
mentioned : 

The  most  prominent  feature  of  the  section  at  Black 
Buttes  is  the  massive  bed  of  sandstone,  somewhat  over  100 
'  feet  thick  at  the  base  of  the  exposure,  forming  steep  hills 
and  cliffs  northeast  of  the  railroad  opposite  the  station  and 
passing  beneath  the  surface  by  its  dip  of  9°  or  10°  near  the 
coal  mine.  The  upper  portion  of  it  is  also  exposed  on  the 
south  side  of  Bitter  Creek  valley,  about  a  mile  from  the 
station.  All  of  the  Laramie  fossils,  whether  plants,  inverte- 
brates, or  vertebrates,  that  have  hitherto  been  described  or 
listed  as  coming  from  Black  Buttes  were  obtained  from  the 
overlying  beds  within  about  100  feet  of  the  top  of  this  mas- 
sive sandstone.  The  original  specimen  of  Agathaurruu 
sylvestris  was  found  about  20  feet  above  it,  and  the  plants 
that  have  been  described  came  from  the  same  horizon  and 
from  several  higher  bands  up  to  the  bed  overlying  the  prin- 
cipal coal ,  some  60  or  75  feet  higher.  The  invertebrates  from 
this  locality  have  about  the  same  range.  Most  of  the  beds 
vary  considerably  in  character  and  thickness  within  short 
distances;  but  the  foesiliferous  and  overlying  portions  of 
the  section  may  be  described  in  general  terms  as  a  series 
of  variable  sandstones,  clays,  and  coal  beds  exposed  in  low 
hills  and  ridges  with  a  dip  of  9°  or  10°  eastward  at  the  base, 
but  decreasing  in  the  upper  portions  to  5°  or  6°,  which  is 
about  the  same  as  the  overlying  Wasatch  beds. 

The  character  of  the  mollusks  shows  that  the  lower  beds 
were  mostly  deposited  in  brackish  waters,  but  that  there 
were  alternations  of  fresh  waters  in  which  the  genus  Unio 
thrived  with  an  abundance  of  individuals  .  nd  great 
variety  of  species,  and  several  fresh-water  gastro{)cds  were 
common.  Between  the  top  of  the  massive  sandstone  and 
the  dinosaur  horizon  there  is  a  band  filled  with  brackish- 
water  fossils,  including  Ostrea  glabra  var.  arcuaiilis  Meek, 
Anomia  micronema  Meek,  Corbula  undifera  Meek,  and 
Modiola  sp.  The  greater  number  of  the  Black  Buttes  in- 
vertebrates, however,,  have  been  obtained  from  strata 
some  40  or  50  feet  higher  and  consequently  a  little  above 
the  dinosaur  bed.  Here  there  is  a  band  which  in  some 
places  is  about  4  feet  thick,  almost  wholly  made  up  of 
shells.  By  far  the  most  abundant  species  is  Corbicula 
fracta  Meek,  and  immediately  associated  with  it  are  Cor- 
bicula occidentalis  Meek  and  Hay  den,  Neritina  baptista 
White,  N.  valvilineata  White,  and  Melania  wyomingermt 
Meek,  all  of  which  probably  lived  in  slightly  brackish 
water,  for  this  species  of  Melania  has  almost  invariably 
been  found  associated  with  brackish- water  or  marine  forms, 
although  it  belongs  to  a  fresh-water  genus.  At  the  base  of 
this  shell  bed  and  immediately  above  a  coal  seam  Unio 
shells  are  abundant.  These  purely  fresh-water  forms  are 
found  on  the  slope  mingled  with  the  Corbicula  shells,  but 
all  that  were  found  in  situ  were  either  at  the  base  of  or  a 
few  leet  above  the  Corbicula  bed. 

We  may  now  consider  the  delimitation  of  the 
base  of  the  beds  at  Black  Buttes  (  =  Laramie 
of  White  and  many  subsequent  writers,  Black 
Buttes  coal  group  of  Schultz,  etc.)  in  the  light 
of  certain  recently  acquired  but  hitherto  un- 
published data.  Powell  described  the  "Bitter 
Creek  series"  as  resting  with  marked  uncon- 


formity on  the  imderlying  '*  Point  of  Rocks 
series/'  Meek  was  mclined  to  draw  the  line 
at  the  point — if  it  could  be  determmed — ^where 
the  fresh-water  deposits  begin  and  the  es- 
tuarine  or  brackish-water  deposits  cease,  ^'con- 
sidering the  brackish-water'  deposits  most 
probably  Cretaceous,  and  those  above  them 
Tertiary/'  Bannister  described  an  apparent 
unconformity  beneath  130  feet  of  *'thin  sand- 
stone alternating  with  grayish  shaly  clays," 
which  underlie  the  massive  sandstone  that 
forms  bluffs 

on  the  northern  edge  of  the  bottom  lands  of  Bitter  Creek 
for  a  distance  of  2  or  3  miles  northwest  of  Black  Buttes 
station,  where  there  appears  below  them,  and  apparently 
dipping  unconformably  beneath  them,  i^  massive  bluish- 
white  soft  sandstone.  *  *  *  The  dip  of  the  underlying 
beds  is  nearly  southeast  about  18°,  while  that  of  the  over- 
lying rocks  is  only  from  5°  to  7^  and  nearly  due  east. 

King  detected  ''a  slight  unconformity  be- 
tween the  beds  next  over  the  dinosaurian  series 
and  the  ashy  beds  which  overlie  them,"  which 
had  the  effect  of  placing  the  Agathaumas  in  the 
Cretaceous.  None  of  these  supposed  uncon- 
formities, however,  appear  to  have  been 
definitely  detected  and  accepted  by  subsequent 
students. 

In  later  years  it  came  to  be  the  prevailing 
custom  to  make  the  massive  sandstone  so  con- 
spicuous at  the  base  of  the  exposure  the  basal 
portion  of  the  so-called  *' Laramie"  section  at 
Black  Buttes,  because  sedimentation  was  sup- 
posed to  be  uninterrupted  between  this  mas- 
sive sandstone  and  the  overlying  beds,  and, 
moreover,  because  the  sandstone  is  very 
sharply  delimited  from  the  imderlying  soft 
Lewis  shale. 

In  1909  A.  C.  Peale  and  I  spent  several  weeks 
in  the  study  of  the  section  at  Black  Buttes  and 
vicinity.  In  the  massive  sandstones  a  few 
hundred  yards  northeast  of  the  station  we 
found  numerous  specimens  of  Halymeniies 
major  Lesquereux,  an  alga,  which  wide  expe- 
rience has  shown  is  present  only  in  marine 
beds.  In  addition  to  this,  we  found  a  number 
of  invertebrates  which,  although  fragmentary, 
were,  in  the  opinion  of  T.  W.  Stanton,  sufficient 
to  prove  that  the  beds  are  marine  and  probably 
of  Fox  Hills  age.  We  also  observed  what  we 
interpreted  as  an  imconformity  between  this 
massive  sandstone  and  the  overlying  soft  shales 
containing  the  fauna  and  flora  under  considera- 
tion.    In  the  vicinity  of  the  station  at  Black 
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Buttes  and  for  many  miles  southwest  of  the 
railroad  the  uppermost  layer  of  this  basal 
sandstone  is  a  soft  white  sandstone  which  can 
be  easily  traced.  It  has  a  maximum  thickness 
of  20  feet,  but  the  thickness  varies  from  point 
to  pointy  in  some  place  being  reduced  to  a  foot 
or  less,  and  in  one  locality  about  2  miles  south 
of  the  railroad  the  white  sandstone  has  en- 
tirely disappeared  and  the  soft  shales  rest  on 
the  yellowish  -sandstone.  At  another  point 
about  8  miles  southeast  of  the  railroad  we 
observed  an  irregular  trench  at  least  10  feet 
deep  in  this  white  sandstone,  which  was  filled 
almost  solid  with  the  shells  of  Corhicvla  frdcia, 
a  well-known  species  of  the  upper  beds. 

It  is  but  fair  to  state,  however,  that  the  above 
interpretation  of  observed  conditions  has  not 
been  accepted  by  Schultz  and  other  observers, 
who  argue  that  although  the  upper  white  sand- 
stone may  vary  in  thickness  from  place  to 
place  the  variation  is  due  to  a  lateral  change  in 
color  from  white  to  brown,  and  vice  versa,  rather 
than  to  erosion.  Peale  and  I  failed  to  observe 
any  locality  where  there  was  a  lateral  change 
in  the  color  of  this  sandstone,  and  the  condi- 
tions as  we  saw  them  appeared  to  indicate  a 
slight  unconformity.  Moreover,  the  inherent 
probability  that  this  may  be  correctly  inter- 
preted as  an  unconformity  is  indicated  by  the 
fact  that  the  massive  sandstone  marked  the 
close  of  marine  conditions  in  this  region,  and 
further  by  the  fact,  as  will  be  shown  in  a 
future  publication,  that  the  abundant  flora 
gives  evidence  of  being  younger  than  Laramie. 

poiHT  OF  BOCKS,  WTOMiHO.  AKD  vionrrrY. 

With  the  possible  exception  of  Black  Buttes, 
no  locality  in  this  region  has  given  rise  to  more 
extended  discussion  than  Point  of  Rocks. 
The  section  is  well  exposed  in  the  bluff  just 
north  of  the  station  and  consists  of  massive 
white  sandstones  and  soft  clay  shales  and  coal 
beds.  The  plants  have  been  found  mainly  in 
proximity  to  the  coal.  These  beds  constituted 
the  ^*Point  of  Rocks  series"  of  Powell  and  were 
described  by  him  as  strongly  unconformable 
beneath  the  *' Bitter  Creek  series."  Powell, 
Meek,  and  White  agreed  in  regarding  these 
beds  as  of  Cretaceous  age,  but  Lesquereux  from 
his  studies  of  the  plants  considered  them  as 
Tertiary.  After  the  Laramie  formation  was 
established  the  beds  at  Point  of  Rocks  were 


referred  by  White  and  others*  to  this  formation, 
or  group,  as  it  was  then  called,  and  this  disposi- 
tion remained  undisputed  for  many  years. 

In  1897  Stanton  and  I  "  pointed  out  that  the 
coal  and  plant  hearing  beds  at  Point  of  Rocks 
are  below  marine  Cretaceous  beds  containing  a 
Fox  Hills  fauna  and  hence  could  not  be  of 
Laramie  age.     The  statement  was  as  follows: 

At  Point  of  Rocks,  U  miles  northwest  of  Black  Buttes, 
a  lower  series  of  coal-bearing  beds  is  well  exposed  in  cliffs 
and  high  hills  north  and  east  of  the  station.  Here,  as  at 
Black  Buttes,  the  base  of  the  exposure  is  formed  by  a 
massive  light-colored  sandstone  about  100  feet  thick,  and 
this  fact,  together  with  evidence  of  local  faulting  along 
the  railroad  between  the  two  places,  has  led  several 
geologists  to  regard  the  two  exposures  as  representing  about 
the  same  horizon.  Our  observations  confirm  those  of 
Meek  and  Bannister  in  putting  the  Point  of  Rocks  coal 
beds  several  hundred  feet  lower  than  those  at  Black  Buttes, 
and  we  discovered  the  additional  fact  that  a  considerable 
portion  of  the  intervening  strata  consists  of  marine  beds 
and  contains  a  Fox  Hills  fauna.  The  uneven  upper  sur- 
face of  heavy  sandstone  at  Point  of  Rocks  was  regarded  by' 
Powell  as  evidence  of  an  erosion  interval  which  separated 
the  Point  of  Rocks  group  below  from  the  Bitter  Creek 
group  above.  The  larger  number  of  fossil  plants  described 
from  this  locality  were  obtained  in  argillaceous  lenticular 
masses  in  the  upper  part  of  the  sandstone.  Others  are 
associated  with  the  coal  beds,  of  which  there  are  several  in 
the  series  of  soft  sandstones,  sandy  shales,  and  clays  ex- 
posed in  the  bluffs  north  of  Point  of  Rocks  station  to  a 
thickness  of  about  260  feet  above  the  massive  sandstone. 
Above  the  middle  of  the  coal-bearing  part  of  the  section 
two  fossiliferous  bands  have  yielded  a  few  species  of  inver- 
tebrates, consisting  of  one  marine  shell*  four  brackish-water 
forms,  and  one  fresh-water  form.    ♦    ♦    ♦ 

In  the  neighborhood  of  Point  of  Rocks  the  dip  of  the 
beds  is  about  6°  a  little  north  of  east»  almost  parallel  with 
a  valley  that  joins  that  of  Bitter  Creek  just  east  of  the 
station,  so  that  the  heavy  sandstone  soon  disappears 
beneath  the  surface  and  the  beds  above  it  successively 
come  down  to  the  valley  level  in  the  hills  on  its  north 
side.  •  *  *  The  beds  on  the  top  of  the  bluffs  north  of 
the  station  thus  come  down  to  the  valley  a  little  over  a 
mile  east  of  that  place,  and  immediately  above  them,  in  a 
brown  ferruginous  sandstone,  marine  ("retaceous  species 
indicating  a  Fox  Hills  horizon  were  found.    ♦    ♦    * 

Above  this  horizon  there  are  few  exposures  seen  on 
going  eastward  until  a  line  of  cliffs  is  reached  nearly  4 
miles  east  of  Point  of  Rocks.  These  cliffs  show  at  their 
base  about  150  feet  of  clay  shales  with  bands  of  sandstone, 
and  a  concretion  in  the  clay  yielded  Baculites  ovatiLB  Say, 
Lunatia  ocridentalia  Meek  and  Hayden,  and  Mactra  sp., 
showing  that  this  horizon,  some  700  feet  above  the  last 
one  mentioned,  is  still  in  the  Fox  Hills.  The  shales  are 
overlain  by  massive  sandstone  somewhat  over  100  feet 
thick,  yellowish  brown  below  and  nearly  whit€  above,  and 
this  is  succeeded  by  a  series  of  shales,  sandstones,  and  coal 

M  Stanton,  T.  W.,  and  Knowlton,  F.  H.,  Stratigraphy  and  paleontol- 
ogy  of  the  Laramie  and  related  formations  in  Wyoming:  Oeol.  Soc. 
America  Bull.,  vol.  8,  p.  146, 1897. 
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beds  like  that  at  Blacjc  Buttes  and  containing  many  of 
the  same  characteristic  species  of  fossils  in  the  sane  strati- 
graphic  order. 

As  already  pointed  out,  the  coal  and  plant 
bearing  section  at  Point  of  Rocks  had  for  many 
years  been  regarded  ae  belonging  in  the 
Laramie,  and  the  flora  especially  had  come  to 
be  known  as  a  ^true  Laramie  flora,"  although 
it  had  long  been  recognized  that  it  was  **  some- 
what different  from  that  of  any  other  locality 
in  the  West."  In  accordance  with  the  dis- 
covery above  set  forth,  that  the  coal  and  plant- 
bearing  rocks  were  some  hundreds  of  feet  below 
well-defined  marine  Cretaceous,  a  readjustment 
became  necessary.  These  facts  are  set  forth  at 
some  length  in  my  paper  on  the  *'  Flora  of  the 
Montana  formation,"  **  published  in  1900. 

In  the  summer  of  1907  A.  R.  Schultz  ^  and 
party  investigated  the  resources  of  the  northern 
portion  of  the  Rock  Springs  field  and  gave  a 
brief  account  of  the  geologic  relations.  The 
Point  of  Rocks  coal  and  plant  bearing  beds,  as 
well  as  the  upper  coal  measures  at  Rock  Springs, 
were  called  the  Almond  coal  group,  which  was 
referred  to  the  Mesaverde  formation.  It  is 
separated  by  the  marine  Lewis  shale  (750  ± 
feet)  from  the  overlying  Black  Buttes  coal 
group,  which  was  classed  as  Laramie  (?). 
Schultz's  results  thus  confirmed  the  observa- 
tions of  Meek  and  Bannister  regarding  the  plac- 
ing of  the  Black  Buttes  coal  beds  well  above 
the  Point  of  Rocks  coals  and  those  of  Stanton 
and  Knowlton  in  recognizing  a  marine  Creta- 
ceous formation  between  the  two  groups  of 
coals. 

In  1908  Schultz "  continued  this  study  to 
include  the  southern  part  of  the  Rock  Springs 
field.  No  change  was  made  in  the  stratigraphic 
assignment  of  the  coal  and  plant  bearing  beds 
under  consideration. 

SOTTTHWBSTXKK  WTOMIirO. 

Within  an  area  about  40  miles  wide  and  175 
miles  long,  in  Uinta  and  Lincoln  counties,  in 
the  extreme  southwest  comer  of  Wyoming, 
there  are  numerous  economically  important 
deposits  of  coal,  and  the  area  has  been  often 
visited  and  more  or  less  critically  studied  by 
geologists.     The  geologic  relations  in  the  vicin- 

u  Knowlton,  F.  H.,  U.  S.  Qeol.  Survey  Bull.  163, 1900. 

»  The  northern  part  of  the  Rock  Springs  coal  field,  Sweetwater  County, 
Wyo.:  U.  S.  Geol.  Survey  Bull.  341,  pp.  256-282, 1909. 

»  The  southern  part  of  the  Rock  Springs  coal  field,  Sweetwater  County, 
Wyo.:  U.  S.  Geol.  Survey  Bull.  381,  pp.  214-281, 1910. 


ity  of  Evanston  have  been  frequently  alluded 
to  in  the  first  portion  of  this  discussion,  and 
hence  it  is  only  necessary  in  this  connection  to 
call  attention  to  a  few  of  the  more  salient 
points  before  reviewing  the  present  accepted 
status." 

In  connection  with  the  coal  at  Evanston  fossil 
plants  were  discovered  at  an  early  day,  and 
the  locality  has  been  studied  by  Hayden,  Peale, 
Lesquereux,  Newberry,  Ward,  and  many  others. 
Lesquereux**  always  regarded  the  plants  as 
indicating  a  Tertiary  age,  and  in  his  final  report 
he  placed  the  Evanston  locality  in  his  so-called 
''second  group,"  which  included  also  Mount 
Bross  and  Troublesome  Creek,  in  Middle  Park, 
Colo.,  and  Bridger  Pass,  Wyo.     Newberry  ^  ex- 
pressed the  opinion  that  these  plant  beds,  as 
well  as  practically  all  lignite-bearing  beds  in 
Wyoming   and   Utah,    were   Cretaceous,    and 
hence  when  the  Laramie  was  established  they 
were  naturally  referred  to  this  time  division. 
In  1878  C.  A.  White »'  included  the  ''Evanston 
coal  series"  in  the  Laramie  and  gave  a  list  of 
four  species  of  invertebrates  common  with  the 
Judith  River  beds. 

In  his  "Synopsis  of  the  flora  of  the  Laramie 
group"  Ward  "  described  a  number  of  plants 
from  Evanston  and  Hodges  Pass;  the  latter 
locality,  he  stated,  "may  be  regarded  as  form- 
ing a  northern  member  of  the  Evanston  coal 
field."  Evanston  and  Carbon  were  placed 
together  in  the  table  showing  the  extent  and 
range  of  the  Laramie  flora  as  he  accepted  it, 
and  both  were  regarded  as  belonging  in  its 
upper  portion. 

Two  years  later  White  "  went  a  step  further 
and  referred  the  coal-bearing  series  at  Evanston 
to  the  Wasatch  on  the  ground  that  sedimen- 
tation was  continuous  from  the  undoubted 
Cretaceous  through  the  Laramie  and  into  the 
Wasatch,  and,  moreover,  the  invertebrates, 
before  supposed   to   be  characteristic  of  the 

'  *  A  complete  bibliography  of  works  rdating  to  the  geography  and 
geology  of  this  region  is  given  by  A.  C.  Veatch  (Geography  and  gecdogy 
of  a  portion  of  southwestern  Wyoming:  U.  S.  Geol.  Survey  Prof.  Paper 
56,  pp.  17-32,  1907). 

»  Lesquereux,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7,  1878. 

*•  Newberry,  J.  S.,  On  the  lignites  and  plant  beds  of  western  America: 
Am.  Jour.  Sci.,  3d  ser.,  vol.  7,  p.  400,  1874. 

u  On  the  distribution  of  moUuscan  species  in  the  Laramie:  U.  S.  Geol. 
and  Geog.  Survey  Terr.  Bull.,  vol.  4,  p.  722, 1878. 

»  Ward,  L.  F.,  U.  S.  Geol.  Survey  Sixth  Ann.  Rept.,  for  1884-85,  pp. 
541  et  seq.,  1886. 

**  White,  C.  A.,  On  the  relation  of  the  Laramie  moUuscan  and  tneh- 
water  Eocene  faima  to  that  of  the  succeeding  fresh-water  Eocene  and 
other  groups:  U.  S.  Geol.  Survey  Bull.  34,  pp.  9-16, 1886. 
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Laramie,  were  then  found  to  be  more  closely 
related  to  those  of  t-he  Wasatch  or  later  beds. 

In  1895  Wilbur  C.  Knight "  published  a  paper 
on  the  ''Coal  and  coal  measures  of  Wyommg," 
in  which  he  stated  that  coal-bearing  beds'* 
are  found  at  ''Henrys  Fork,  Almy,  Twin  Creek, 
Hams  'Fork,  and  Coalville  [Cokeville].  The 
last  four  localities  are  probably  in  the  same 
coal  field,  which  belongs  to  the  Lower  Cretaceous 
and  has  been  known  as  the  Bear  River  group." 
This  view  was  widely  at  variance  with  the  facts 
even  as  then  understood  and  has  not  been 
followed. 

The  following  year  (1896)  Stanton  and  I" 
spent  a  few  days  at  Evans  ton  and  Hodges  Pass 
and  concluded  that  the  Wasatch  was  probably 
unconformable  on  the  coal-bearing  beds,  which 
were  presumed  to  be  in  the  upper  part  of  the 
Laramie. 

In  the  summer  of  1905  A.  C.  Veatch  *•  and 
party  began  an  investigation  of  the  coal  and 
oil  resources  of  this  region  and  presented  a 
short  preliminary  statement  of  results,  which 
was  published  the  next  year.  The  several  for- 
mations observed  and  mapped,  with  their  geo- 
logic time  values,  were  set  forth  in  the  form  of 
a  table,  ^fhe  uppermost  Cretaceous  formation, 
with  a  thickness  of  over  5,000  feet,  was  referred 
to  the  Laramie.  It  was  said  to  include  the 
Adaville-Lazeart  coal,  10  to  84  feet  thick,  and 
to  be  terminated  at  the  top  by  a  marked  un- 
conformity. To  the  beds  above  the  uncon- 
formity, which  included  the  coal  at  Evanston — 
that  is,  the  bed  worked  at  the  Almy  and  Red 
Canyon  mines — the  name  Evanston  formation 
was  given,  but  the  exact  age  determination  was 
left  questionable. 

Veatch's  complete  report  on  this  area  *'  was 
published  a  year  or  more  later,  and  in  this  the 
geologic  and  paleontologic  data  were  reviewed 
in  full.  The  uppermost  member  of  thelCreta- 
ceous  section,  called  Laramie  in  the  preliminary 
report,  was  here  called  the  Adaville  formation, 
which  included  also  a  white  basal  sandstone 
denominated  the  Lazeart  sandstone  member. 
A  few  hundred  feet  of  the  basal  part  of  the 

M  U.  S.  Geol.  Survey  Sixteentfi  Ann.  Rept.,  pt.  4,  pp.  20ft-212, 1805. 

»  Stanton,  T.  W.,  and  Knowlton,  F.  H.,  Stratigraphy  and  paleon- 
tology of  the  Laramie  and  related  formations  in  Wyoming:  Geol.  Soc. 
America  Bull.,  vol.  8,  p.  148, 1897. 

*■  Coal  and  oil  in  southern  Uinta  County,  Wyo.:  U.  8.  Geol.  Survey 
Bull.  285,  p.  331, 1906. 

"  Veatch,  A.  C,  Geigraphy  and  geology  of  a  portion  of  southwestern 
Wyoming:  U.  S.  Geol.  Survey  Prof.  Paper  58, 1907  [1908]. 


Adaville  formation  was  thought  to  be  of  Mon- 
tana age,  and  the  remainder  of  the  5,000  feet 
was  cfilled  ''Lower  Laramie."  Fossils  wer6 
found  only  in  the  lower  part  of  this  formation, 
and  both  plants  and  invertebrates  appeared  to 
indicate  an  age  older  than  Laramie,  and  these 
furnished  the  basis  for  placing  the  lower  por- 
tion in  the  Montana. 

The  unconformity  at  the  top  of  the  Adaville 
formation  ("Lower  Laramie"),  according  to 
Veatch,  involved  a  long  period  of  folding, 
faulting,  and  erosion,  inferred  on  stratigraphic 
grounds  and  indicating  the  removal  of  over 
20,000  feet  of  strata. 

In  the  geologic  column  given  by  Veatch  *" 
the  overlying  Evanston  formation  was  referred 
without  qualification  to  the  ''Upper  Laramie" 
and  made  the  basal  member  of  the  Eocene,  but 
in  the  discussion  of  this  formation  "  this  refer- 
ence was  not  quite  so  positively  stated.  On 
this  point  Veatch  wrote  as  follows : 

The  Evanston  formation  was  considered  by  the  geolo- 
gists of  the  early  Government  expeditions  as  Laramie. 
Later  Dr.  White,  after  studying  in  detail  its  invertebrate 
fauna  tind  comparing  it  with  that  found  at  Wales,  Utah, 
concluded  that  these  beds  were  undoubtedly  Wasatch. 
Ward  and  Knowlton,  because  of  its  flora,  have  regarded  it 
as  essentially  the  same  as  the  Carbon  beds,  but  as  the 
stratigraphic  position  of  the  Carbon  beds  has  never  been 
determined  this  correlation  does  not  lead  very  far. 
Knowlton  reported  that  the  leaves  collected  in  1905  are 
''Upper  Laramie."  As  early  as  1893  he  suggested  the 
possibility  of  their  representing  the  Denver  beds,  and 
again,  in  1898,  doubtfully  referred  this  locality  to  the 
Denver.  Dr.  T.  W.  Stanton  regards  the  invertebrates  as 
Laramie  or  Fort  Union,  and  the  question  thus  becomes 
involved  in  the  larger  one  of  the  true  age  of  the  Fort 
Union,  which  has  been  regarded  both  as  Upper  Cretaceous 
and  Eocene.  The  paleontologic  collections  made  at  this 
locality  do  not  prove  conclusively  that  the  beds  are  Upper 
Cretaceous  or,  on  the  other  hand,  show  that  they  are  basal 
Eocene.  ♦  ♦  ♦  The  stratigraphic  evidence  strongly 
suggests  that  the  line  between  the  Eocene  and  the  Creta- 
ceous should  be  drawn  at  the  base  of  the  Evanston  and 
certainly  shows  no  reason  for  drawing  it  between  the 
Evanston  and  the  Almy  [the  formation  conformably  above 
the  Evanston].  On  the  whole,  the  Evanston  formation 
may  be  tentatively  regarded  as  Eocene. 

The  reference  of  the  Adaville  and  Evanston 
formations  to  the  ''Lower  Laramie''  and 
''Upper  Laramie,"  respectively,  was  in  accord 
with  the  section  as  worked  out  in  Carbon 
County,  Wyo.,  even  including  the  great  uncon- 
formity separating  them. 

,  L.  mi 

"  Idem,  facing  p.  50. 
» Idem,  pp.  7ft-87. 
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In  1906  A.  R.  Schultz  ^  continued  the  field 
work  directly  north  of 'the  area  covered  by 
Veatch  in  the  report  just  considered,  but  his 
report  wns  not  published  until  1914.  When 
the  field  study  was  made  the 'area  covered  by 
Schultz  was  in  the  northern  part  of  Uinta 
County,  but  subsequently  (1912)  this  area  was 
included  in  Lincoln  County.  In  the  main  the 
geologic  formations  present  in  the  southern 
area  were  carried  northward  into  Lincoln 
County,  though  with  some  notable  changes  in 
the  thickness  of  the  beds.  The  Adaville  forma- 
tion showed  a  decrease  in  thickness  from  a 
maximum  of  4,000  to  2,800  feet,  and  the 
Evanston  an  increase  from  1,600  to  over 
9,500'  feet.  Both  these  formations  were  de- 
scribed in  much  the  same  terms  as  were  used 
by  Veatch;  in  fact,  full  quotations  were  made 
from  his  report.  No  stratigraphic  or  paleon- 
tologic  evidence  was  procured  or  recorded  con- 
cerning them  that  would  tend  to  change  their 
age  assignments  as  recorded  by  Veatch,  yet  in 
the  stratigraphic  column  given  on  page  29  of 
Schultz's  report  striking  modifications  ap- 
peared. Thus  the  Adaville  was  placed  entirely 
in  the  Montana,  and  the  designation  ''Lower 
Laramie"  had  disappeared,  while  the  Evanston, 
before  called  ''Upper  Laramie"  and  made  the 
basal  member  of  the  Eocene,  was  here  placed 
under  the  designation  "Cretaceous  or  Ter- 
tiary," and  the  Almy  formation  became  the 
lowest  accepted  Eocene. 

COALVILLS,  UTAH,  AND  VICINITT. 

The  geology  in  the  vicinity  of  Coalville, 
Utah,  19  somewhat  complicated,  and  extensive 
differences  of  opinion  on  it  have  prevailed 
among  geologists.  The  following  brief  his- 
torical account  of  it  is  given  by  T.  W.  Stanton:** 

The  coal-bearing  Gretaceoua  beds  exposed  at  Coalville, 
Utah,  and  on  Bear  River,  near  the  mouth  of  Sulphur 
Creek,  Wyo., .  have  been  the  subject  of  considerable  dis- 
cussion, and  various  opinions  concerning  their  precise  age 
have  been  published  by  several  geologists  and  paleontolo- 
gists who  have  visited  the  localities  or  examined  collec- 
tions from  them.  They  were  referred  to  the  Cretaceous 
by  Messrs.  Meek  and  Engelmann  in  1860  and  were  com- 
pared with  certain  Cretaceous  beds  at  the  mouth  of  Judith 
River,  then  regarded  as  belonging  to  No.  1  (Dakota)  but 
afterward  proved  to  be  of  Fox  Hills  age.    When  Capt. 

«•  Schultz,  A.  R.,  Geology  and  geography  of  a  portion  of  Lincoln 
County,  Wyo.:  U.  8.  Geol.  Survey  Bull.  543, 1914. 

41  The  Colorado  formation  and  its  invertebrate  fauna:  U.  S.  Geol. 
Survey  BuU.  106,  pp.  37,  38, 1893  [1894]. 


Simp60n*B  report  was  published  in  1876  Mr.  Engelmann 
again  expressed  the  opinion  that  these  beds  are  probably 
"Lower  Cretaceous"  [Dakota]. 

They  were  at  first  regarded  as  Tertiary  by  Messrs.  Hay- 
den  and  liesquereux.  In  1870  Messrs.  Meek  and  Hayden 
adopted  the  view  that  the  Coalville  beds  are  Cretaceous 
but  that  they  "occupy  a  higher  horizon  in  the  Cretaceous 
than  even  the  Fox  Hills  beds  of  the  Upper  Miasouri  Creta- 
ceous series." 

Mr.  Meek  visited  Coalville  in  1872,  and  after  making 
larger  collections  and  studying  the  stratigraphy  he  decided 
that  the  entire  upper  Missouri  Cretaceous  section,  with 
perhaps  some  older  beds,  is  represented  here.  The 
detailed  section  that  he  published  shows  correctly  the 
essential  features  of  the  stratigraphy.  The  opinions  that 
he  then  expressed  concerning  the  correlation  of  these  )>edB 
were  repeated  in  subsequent  publications. 

Messrs.  King  and  Emmons  assigned  the  Cretaceous 
strata  at  Coalville  to  the  Colorado,  Fox  Hills,  and  Laramie 
formations  and  so  mapped  them  in  the  atlas  accompanying 
their  report.  The  principal  (lower)  coal  bed  is  included 
in  the  Colorado  formation  and  the  upper  one  in  the  Fox 
Hills,  the  line  between  these  two  formations  being  drawn 
in  the  second  ridge  above  the  lower  coal  bed.  It  should 
be  remembered  that  the  Colorado  fommtion  was  then  made 
to  include  the  Fort  Pierre  division. 

Dr.  C.  A.  White  studied  the  section  in  1877,  and  after 
discussing  the  fossils  collected  in  it,  he  states  that  it  is 
impracticable  to  refer  the  stxata  to  any  one  or  more  of  the 
established  Cretaceous  groups  with  certainty,  but  he 
thinks  there  is  no  reason  to  doubt  that  the  greater  part  of 
the  series  at  least  is  referable  to  the  Fox  Hills. 

Stanton  presented  a  detailed  section,  which 
shows  the  presence  of  about  6,000  feet  of  strata 
below  the  recognized  Tertiary.  Of  this  column 
about  1,700  feet  was  assigned  to  the  Colorado, 
about  2,800  feet  tentatively  to  the  Montana, 
and  approximately  1,500  feet  of  unfossiliferous 
strata  were  said  to  include  the  Laramie  if  it  is 
present. 

None  of  the  investigators  prior  to  Stanton 
had  noticed  the  presence  of  plants,  but  he  found 
a  fairly  rich  deposit  nearly  1,000  feet  above  the 
base  of  the  Montana,  overlain  by  fully  1,800 
feet  of  richly  fossiliferous  marine  Cretaceous, 
representing  the  upper  portion  of  the  Montana. 

These  plants  were  studied  by  me,  and  a  brief 
report  on  them  is  printed  on  page  42  of  Stanton's 
bulletin.  In  this  report  it  was  stated  that  the 
most  important  of  the  species  "belong  clearly 
to  the  Laramie  group,"  but  it  should  be  re- 
membered that  this  statement  was  in  accord 
with  the  current  conception  of  the  Laramie 
when  the  flora  from  Point  of  Rocks  was  re- 
garded as  typical.  The  subject  was  reviewed 
and    the   plants   from   Coalville   properly   re- 
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f erred  to  the  Montana  in  my  *' Flora  of  the 
Montana  formation."  ^ 

The  economic  resources  of  this  region  were 
briefly  examined  by  J.  A.  Taff  "  in  1906,  but  he 
made  only  incidental  mention  of  the  geologic 
relations,  taken  mainly  from  the  results  of  the 
earlier  students. 

The  Coalville  section  was  also  briefly  sum- 
marized by  A.  C.  Veatch  "  in  his  paper  on  the 
'*  Geography  and  geology  of  a  portion  of  south- 
wester  Wyoming,"  published  in  1908,  for  the 
purpose  of  comparing  it  with  the  Wyoming 
section,  of  which  it  doubtless  represents  a 
part.  He  suggested  that  the  Colorado  group 
may  extend  higher  in  the  section  so  as  to  in- 
clude the  plant-bearing  beds.  Veatch  also 
gave  a  very  complete  bibliography  relating  to 
the  exploration  and  geology  of  this  general 
region.  The  latest  report  on  this  field  is  that 
by  Carroll  H.  Wegemann,**  published  in  1915. 
In  this  report  the  Coalville  section,  with  a 
thickness  of  about  9,000  feet,  was  described  as 
a  slightly  overturned  anticline.  Folding  and 
faulting  here  further  complicated  matters  until 
in  the  absence  of  adequate  paleontologic  data, 
it  is  difficult  to  draw  satisfactory  formational 
boundaries;  in  fact,  Wegemann  stated  that 
"  although  the  area  has  been  studied  by  several 
geologists,  the  formation  boundaries  are  by  no 
means  definitely  determined." 

According  to  Wegemann,  the  workable  coal 
of  the  region  is  of  Colorado  age,  but  the  thick- 
ness that  is  to  be  assigned  to  the  Colorado  part 
of  the  section  is  indefinite.  Its  thickness  is  at 
least  1,000  feet,  and  there  is  a  tendency  to 
extend  the  Colorado  upward  to  include  an  addi- 
tional 1,000  feet,  but  the  evidence  for  this  was 
not  regarded  as  conclusive.  It  would  then 
include  the  plant  horizon  already  mentioned, 
which  contains  a  flora  correlated  with  the 
Montana  (Mesaverde)  at  Point  of  Rocks,  Wyo. 

The  Laramie  is  not  known  to  be  present  in 
this  section,  but  in  this  connection  Wegemann 
pointed  out  that  there  are  over  4,000  feet  of 
beds  between  those  last  mentioned  and  the 
unconformity  at  the  base  of  the  Tertiary 
(Wasatch  formation)  that  are  still  unplaced. 
This  great  thickness  of  beds  was  divided  into 


«  Knowlton,  F.  H.,  U.  S.  Geol.  Survey  Bull.  .163,  pp.  »-0,  1900. 

«  Notes  on  the  Weber  River  coal  field,  Utah:  U.  S.  Geol.  Survey  Bull. 
2SS,  pp.  286-288,  1906. 

«*  U.  8.  Geol.  Survey  Prof.  Paper  56,  p.  103, 1907  fI908J. 

«»  The  Coalville  coal  field,  Utah:  U.  S.  Geol.  Survey  Bull.  581,  pp.  161- 
184, 1015. 


two  parts,  the  lower  of  which  (No.  3  of  Wege- 
mann's  section  on  p.  163),  1,650  feet  thick,  is 
marine,  while  the  upper  (No.  2),  2,500  feet 
thick,  contains  leaves  and  fresh-water  shells, 
though  they  are  not  sufficiently  abundant  or 
sufficiently  well  preserved  to  admit  of  definite 
stratigraphic  determination. 

SAN    JUAN    BASm    AND    ADJACENT    ABEAS    IN 
COLORADO  AND  NEW  MEXICO. 

The  area  included  in  the  San  Juan  Basin  and 
vicinity  extends  from  the  vicinity  of  Durango, 
Colo.,  on  the  north,  beyond  Gallup  and  Mount 
Taylor,  N.  Mex.,  on  the  south,  and  from  a  point 
near  the  Arizona-New  Mexico  line  on  the  west 
to  Chama,  Elvado,  and  the  Sierra  Nacimiento, 
near  the  longitude  of  Albuquerque  on  the  east, 
or  nearly  150  miles  from  north  to  south  and 
100  miles  from  east  to  west.  The  coal-bearing 
rocks  form  a  more  or  less  continuous  rim 
around  this  basin  and  dip  toward  the  center, 
where,  however,  they  are  deeply  buried. 

The  San  Juan  district  was  studied  by  W.  H. 
Holmes,**  of  the  Hay  den  Survey,  in  1875.  In 
Plate  XXXV  of  his  report  he  gave  a  general 
section  of  the  rocks  in  the  valley  of  San  Juan 
River.  The  uppermost  member  was  referred 
to  the  Wasatch,  which  he  divided  into  two 
parts,  the  lower  being  the  Puerco  marl  of  Cope. 
Immediately  below  this  is  the  so-called  ^*  upper 
coal  group,*'  made  up  of  800  feet  of  soft  sand- 
stones and  marls,  which  was  referred  to  as 
Laramie?.  This  in  turn  rests  on  the  Pictured 
Cliff  sandstone,  which  with  the  underlying 
1,500  to  2,000  feet  of  rocks  Holmes  referred  to 
the  Fox  Hills. 

Except  for  a  number  of  economic  reports  on 
the  coal  of  the  region,  little  systematic  work 
was  done  in  this  area  until  1899,  when  Whitman 
Cross,*'  in  the  La  Plata  folio,  established  the 
units  of  the  Upper  Cretaceous  section  of  the 
region,  which  have  subsequently  been  .so  widely 
identified  in  Colorado,  Wyoming,  and  Montana. 
These  units  in  ascending  order  are  Mancos  shale, 
Mesaverde  formation,  and  Lewis  shale.  Con- 
cerning the  Lewis  Cross  wrote  as  follows : 

Above  the  Mesaverde  formation  occurs  another  formation 
of  clay  shale,  reaching  an  observed  thickness  of  nearly 
2,000  feet,  which  is  very  much  like  the  Mancos  shale  but 
contains  fewer  fossils.  The  only  identifiable  form  thus 
far  found  in  this  shale  occurs  also  in  the  Mancos  shale,  so 

M  Geological  report  on  the  San  Juan  district:  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ninth  Ann.  Rept.,  p.  241,  1877. 
*'  U.  S.  Geol.  Survey  Geol.  Atlas,  La  Plata  folio  (No.  60),  p.  4, 1809. 
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Tmt  tSis^  diYUion  i««  9tiU  apparently  Mow  tho  true  Fox 
UilU.    Thi^H  jwriiMtiou  i^  i^alUni  the  Lewi?  «hale. 

(Vntimiin^.  Ot^ss  said: 

8tiU  «U»\o  the  l.e.vU  9h)U0  i:^  a  jlel^md  series  of  and- 
sttoiux^.  «hal^vt«  »iu)  tx>f !:»,  l^edurin^  ;«i^iue  rK^emblance  to  the 
Mecmh\ef\ie  toniMtiou  out  ditterinir  in  detail.  The  lowest 
uuMuVer  ot'  lhi?»  v^MW|v^e\  is  the  '*  IVtunnl  I'liff  samirtooe" 
vMf  Uv^luHy^V  San  Juan  ^wi^tiou,  which  he  i^ced  iu  the 
Ko\  IhlU  u|Hui  the  evidemv  of  invertel»fate  imnains. 
*t^e  i\HwainihMr  was  T%*fert\Hi  to  the  l«aramie«  but  without 
fv^l  e\i\leniv  The  pi\>*n\t  *ur\>^Y  hai^  al*>  ^led  to 
l^ti^:  to  Iv^^t  x-ahv)  <Tv^umi  for  a:%%nir^  any  of  the  beiU 
xu  vjueciUx^n  to  the  larai\m\  while  theie  is  Amne  reaw^n 
to  lvixe\e  that  uk^*  than  the  lower  sanUstoiie  VeloiMcs  to 
the  Mo*ua'»a  ^^nnip. 

In  I^HV^  F.  C>  S<*hradt*r  •  made  a  preliminary 
\*r  nnvtuiatisianoo  exaiuinatton  of  the  Durango* 
iialUip  i\^l  tioKK  in  which  he  adopteil  the 
strati^raphie  elas3>iKoation  establii^he^i  by  Cn>s«j. 
the  upjH^rtniV^t  i^ml-bt^ariiiir  ^j^amlslone  being 
elascie^i  as  I«aramief.  thou^i  no  f^^?5sil  evidence 
was  pn^stnittnl, 

Itx  UHH*  mon'^  detaiUni  examinations  wen? 
made  in  the  rt^ion  by  Ji^iseph  A.  Taff  and 
Ms  Kv  Shaler  Taff  *•  t\msidere\l  the  Duran^> 
i\*al  district.  whiv*h  lit^:>  jiisl  off  the  s^^uthem 
fivnhil*<  i^  the  S^\  Juan  and  La  Hata  moun- 
tains, ht  this  rv|H*rt  the  upcvr  4val>beanr^ 
rvvk<  herv*  unvler  ivn>utera:i«»a  werv  rvferrv^i 
Mkithou:  v;iu^tiou  to  the  l-dir^iiLiir*.  :S  i^rh  nr> 
v»otai*<  ^e!v  sT-ven  as  :♦*  :>•?  r^as^^cjs  f ■  r  tV< 
»>*fcrvrvv>     S^i  Ivor's  rv:>^rt  **   •••-•als  'i 
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The  ''Lanunie**  formation  ocean  within  the  area  de- 
acrilied  in  this  paper  onl^  in  the  San  Joan  Basin.  It  ia 
moi^  than  1,000  feet  thick  in  the  southern  rim  of  the 
hasin  hut  is  thinno'  in  the  eastern  rim,  probably  due  to 
po6t-i>etaceous  erosion.  At  Dulce  it  is  only  225  feet 
thick.  The  formation  lies  conformably  on  Lewis  riiale 
and  piohably  for  this  reason  more  than  for  any  other  haa 
been  called  Laramie,  although  Dr.  Cross  seveiml  years 
as9>  called  attention  to  the  foct  that  investigation  bad 
'*  failed  to  bring  to  li^t  \-alid  ground  for  amigning  any 
of  the  beds  in  question  to  the  Laramie,  while  there  is 
some  rsason  to  believe  that  mote  than  the  lower  sand- 
stone beloDgs  to  the  Montana  gioup.**  Since  that  time 
a  considefable  number  of  foastls,  both  of  invertebntes  and 
of  plants^  have  been  collected  from  these  beds  in  the 
Dttianeo  resion.  The  base  of  the  fonnation — the  Pictured 
Cliff  sandstone — contains  marine  invertefantes,  and  the 
lover  pan  of  the  coal-bearing  locks  above  this  sandstone 
contains  biackish-water  invertebrates*  seven!  of  which 
ocvur  in  the  Mesaverde  of  other  fields.  But  higher  in 
the  formation  the  rocks  contain  fresh-water  invertebimtes 
which  Dr.  Stanton  legaids  as  Laiamie  and  fassil  plants 
which  Dr.  Rnoviton  reteards  as  older  than  Laraane.  The 
ftwsl  plants  have  been  given  in  the  table  praviooaly 
2tven«  and  in>m  this  table,  as-weil  as  from  the  acrompany 
l:^  Matem^nt  by  Dr.  SLnowiton.*  it  will  be  seen  that  the 
l!k«a  di^^rs  but  little  from  that  of  the  Mesaverde 
to  5he  «mih. 

The  aame"  Laramie  "ft?  here  nsed  for  this 
Spcawe  :h^  writer  wi^hce  to  arrae  for  the 
chif  rvck«.  bus  N*cais«e  the  aame  i5  ia  ive 
ihs5  papifr  the  writer  t«  tatent»:aally  avct- 
f-jc^^.^a  -H  Bafw  3a:zta?t«  ».y  rx'k  »:naa:»rc: 
=>'red.    hv^-BTp^-er.    tha;    wki>   the 

lara.T:>f  ~  it  o.^laio*  a  diYa  wh>:h  deo.Xes  Moni 
Jise.  bLi&^i::^  9'Chi!::^  ia  o:aia»?a  with  the 

l^fcrfc.*?::"*  *  cc  S?   i»**crs*>«£  13.  j«?iae  'cber  ^ 
iir!EMt\  '"•I  "b»*  "^i;*!  'fife  'c  i^z  jcvnewika:  mites 
r  i:  -.I  ^w  *€  zh»*  "aLt**!*-*:  hast  ^  ^«»  -ipeciei  <t 
Ai«:    ^r*L*  v-i^- wa'<r  ii-.^t*'**  "ca3.»  i'-m  in*  x^wer  part  <rf 
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water  origin  and  admittedly  unreliable  for  purposes  of 
correlation,  and  that  the  plants  are  of  Montana  types, 
serious  doubt  is  cast  on  the  Laramie  age  of  the  formation. 

It  now  remains  to  consider  certain  dinosaur- 
bearing  beds  near  Ojo  Alamo,  N.  Mex.,  12 
miles  south  of  Farmington,  which  may  have  a 
bearing  on  the  ''Laramie''  of  the  San  Juan 
Basin.  In  1908  James  Ef.  Gardner,  then  of 
the  United  States  Geological  Survey,  found 
vertebrate  remains  near  the  head  of  Coal 
Creek,  1  mile  southeast  of  Ojo  Alamo,  ''in 
variegated  sands,  shales,  and  conglomerates, 
indisputably  above  the  unconformity  at  the 
top  of  the  Laramie.""  These  remains  were 
studied  by  C.  W.  Gilmore,  who  reported  the 
presence  of  TriceraJto'ps^  Trachodon^  Tyranno- 
sauruSf  Aspidiretes,  and  crocodiles,  which,  he 
said,  "appears  to  represent  a  typical  fauna  of 
the  so-called  Laramie,  or  better,  Ceratopa 
beds."  At  the  time  this  was  written  it  was 
thought  possible  that  these  dinosaur-bearing 
beds  might  be  a  part  of  the  Puerco  formation, 
but  subsequent  investigation  has  shown  that 
this  is  not  so. 

In  the  same  year  (1909)  Stanton  **  listed 
several  collections  of  invertebrates  from  the  so- 
called  Laramie  "coal  measures  immediately 
above  the  Lewis  shale,"  on  the  line  between  La 
Plata  and  Archuleta  counties,  Colo.,  which  he 
considered  as  belonging  to  the  same  fauna  and 
"at  about  the  same  horizon"  as  the  fauna  in 
the  beds  at  Black  Buttes,  Wyo. 

It  appears  that  dinosaurs  had  been  known 
at  the  Ojo  Alamo  locality  as  early  as  1902,  but 
it  was  not  until  1904  that  a  systematic  attempt 
was  made  to  collect  them.  In  that  year 
Barnum  Brown,  of  the  American  Museum  of 
Natural  History,  made  a  reconnaissance  trip  to 
the  locality  and  procured  "a  small  but  inter- 
esting collection  of  fossils."  His  report  on 
these  fossils,  however,  was  not  published  until 
1910."     He  said: 

This  collection  is  of  special  interest,  as  it  represents  a 
fauna  that  is  distinctly  older  than  that  of  the  "Lance 
Creek  beds  or  Ceratops  zone"  and  "Hell  Creek  beds"  of 
the  Laramie  Cretaceous.  I  am  unable  definitely  to 
correlate  the  horizon  in  which  these  bones  occur,  but 

M  Knowlton,  F.  H.,  The  stratigraphic  relations  and  paleontology  of 
the  "Hell  Creek  bedi,"  "  Ceratops  beds/'  and  equivalents:  Washington 
Acad.  Sci.  Proc.,  vol.  11,  p.  233,  1909. 

M  Stanton,  T.  W.,  The  age  and  stratigraphic  relations  of  the  "  Ceratops 
beds"  of  Wyoming  and  Montana:  Washington  Acad.  Sci.  Proc.,  vol.  11, 
p.  274,  1909. 

**  Brown,  Barnum,  The  Cretaceous  Ojo  Alamo  beds  of  New  Mexico, 
with  description  of  the  new  dinDsaur  gcntis  KrUotaurut:  Am.  Mus.  Nat. 
Hist.  Bull.,  vol.  28,  pp.  287-274,  1910. 


I  the  faunal  facies  appears  to  be  even  older  than  that  of 
Black  Buttes,  Wyo.,  and  probably  represents  a  period 
synchronous  with  the  lower  part  of  the  Edmonton  series 
of  Alberta,  Canada.    *    ♦    ♦ 

Less  than  a  mile  south  of  the  store  at  Ojo  Alamo  the 
Puerco  formation  rests  unconformably  on  a  conglomerate 
that  is  composed  of  red,  gray,  yellow,  and  white  pebbles. 
The  position  of  these  beds  is  below  what  may  be  called 
the  type  of  the  Puerco  or  basal  Eocene,  and  their  uncon- 
formable relation  is  highly  significant.  *  *  *  Below 
the  conglomerate  there  is  a  series  of  shales  and  sandstones, 
evenly  stratified  and  usually  horizontal,  in  which  there  is 
much  less  cross-bedding  than  commonly  occurs  in  the 
I^iramie  of  the  northern  United  States. 

The  shales  below  the  conglomerate  that  contain  numer- 
ous dinosaur  and  turtle  remains  I  shall  designate  as  the 
Ojo  Alamo  beds.  They  are  estimated  to  be  about  200  feet 
thick y  but  owing  to  lack  of  time  I  was  unable  to  deter- 
mine their  relation  to  the  underlying  formations.  The 
vertebrate  remains  were  numerous  in  several  places  from 
30  to  100  feet  below  the  conglomerate. 

,The  new  dinosaurian  was  described  as 
Kritosaurus  navajovicus. 

During  the  summer  of  1909  James  H.  Gard- 
ner, in  company  with  James  W.  Gidley,  of  the 
United  Stat^  National  Museum,  spent  two 
days  in  the  vicinity  of  Ojo  Alamo  and  obtained 
a  number  of  remains  of  turtles  from  Brown's 
Ojo  Alamo  beds.  These  were  described  by 
O.  P.  Hay  *'  the  following  year.  Concerning 
the  stratigraphic  relations  Hay  said : 

In  this  region  they  found  two  distinct  formations.  In 
the  lower,  composed  of  sandstones,  clays,  and  a  bed  of 
conglomerate,  there  were  found  fragmentary  remains  of 
dinosaurs  and  the  turtles  below  described.  *  *  *  These 
beds  are  probably  the  equivalent  of  the  Lance  Creek 
beds. 

Also  in  1910  Gardner*^  published  a  paper 
on  ''The  Puerco  and  Torrejon  formations  of 
the  Nacimiento  group,''  which  involved,  inci- 
dentally, the  beds  under  discussion.  He  re- 
corded the  Puerco  as  resting  unconformably  on 
the  "Laramie"  of  the  region,  as  Brown  had  re- 
ported, and  he  stated  that  at  Ojo  Alamo  he 
"  obtained  dinosaurs  from  beds  unconformably 
above  the  'Laramie'  and  below  the  Wasatch." 
These  beds  are,  of  course,  the  Ojo  Alamo  beds 
of  Brown,  and  Gardner's  discovery  tended  to 
establish  the  fact  that  these  dinosaur-bearing 
beds  rest  unconformably  on  the  "Laramie" 
and  are  unconformably  overlain  by  the  Puerco. 

An  expedition  from  the  American  Museum 
of  Natural  History,  under  the  charge  of  W.  J. 

M  Descriptions  of  eight  new  species  of  fossil  turtles  from  west  of  the 
one  hundredth  meridian:  U.  8.  Nat.  Mus.  Proc.,  vol.  38,  pp.  307-326, 
1910. 

"  Gardner,  J.  H.,  Jour.  Geology,  vol.  18,  pp.  702-741, 1910. 
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Sinclair  and  Walter  Granger,"  spent  the 
season  of  1913  in  collecting  fossils  from  the 
Puerco  and  Torrejon  formations  of  New  Mex- 
ico. Although  these  authors  were  concerned 
mainly  in  procuring  mammal  remains  from 
the  formations  mentioned,  they  recorded  cer- 
tain important  observations  on  the  under- 
lying dinosaur-bearing  or  Ojo  Alamo  beds. 
They  agreed  with  Brown  and  Gardner  in  find- 
ing the  Puerco  resting  with  marked  erosional 
discordance  on  the  underlying  beds.  The  rep- 
tilian and  other  vertebrate  material  procured 
by  Sinclair  and  Granger  from  the  Ojo  Alamo 
beds  was  studied  by  Brown,  whose  report  they 
quoted.  From  this  it  appears  that  Brown's 
Kritosaurus  was  regarded  as  generically  iden- 
tical with  Gryposauru^y  described  later  by 
Lambe  *•  from  the  Belly  River  formation  of 
Canada.     Continuing,  Brown  said: 

The  fauna  of  the  Ojo  Alamo  beds  id  certainly  older  than 
that  of  the  Lance,  and  I  have  expressed  the  opinion  that 
it  is  probably  synchronous  with  the  Edmonton.  Krito- 
gaurus  is  now  known  from  the  Belly  River  beds  and  has 
not  yet  appeared  in  extensive  collections  from  the  Ed- 
monton, and  as  other  reptilian  remains  are  of  primitive 
facies  the  Ojo  Alamo  beds  may  well  be  of  Judith  River  age. 

Sinclair  and  Granger  did  not  attempt  to 
reach  any  decision  concerning  the  age  of  the 
Ojo  Alamo  beds,  though  they  gave  an  alterna- 
tive hypothesis,  as  follows: 

Willis  T.  Lee  favors  a  correlation  of  the  dinosaur  beds 
and  associated  conglomerate  members  with  the  Animas 
formation.  If  the  Animas  is  in  turn  to  be  correlated  with 
the  Lance,  ♦  ♦  ♦  then  the  line  between  Cretaceous 
and  Tertiary  in  the  Ojo  Alamo  region  would  have  to  be 
drawn  ♦  ♦  ♦  not  at  the  unconformity  below  the 
Puerco,  where  the  vertebrate  paleontologist  would  incline 
to  put  it,  but  at  some  level  not  yet  discovered. 

The  probable  correlation  of  the  Ojo  Alamo 
beds  was  suggested  by  me  ^  as  follows: 

The  Puerco  formation  rests  unconformably  on  dinosaur- 
boaring  beds,  beneath  which  is  the  "Laramie"  of  the 

M  Paleocene  deposits  of  the  San  Juan  Basin,  N.  Mex.:  Am.  Mus.  Nat. 
Hist.  Bull.,  vol.  33,  pp.  297-316,  1914. 

»  Lambe,  L.  M.,  Ottawa  Naturalist,  vol.  27,  p.  14o,  1914. 

«  Kn3virlton,  F.H.,Creta?eou?-Tortlary  boundary  in  the  Rocky  Moun- 
tain region:  Oeol.  Soc.  America  BuU.,  vol.  25,  p.  338, 1914. 


r^on.  I  have  shown  elsewhere,  however,  that  these 
later  beds  are  undoubtedly  much  older  than  Laramie. 
The  *'Ceratopa  beds,"  immediately  beneath  those  con- 
taining the  Puerco  fauna,  have  been  practically  traced 
into  the  Animas  formation,  which  Cross  holds  is  of  Denver 
age.  The  Animas  formation  is  now  known  to  extend  east- 
ward to  the  eastern  border  of  the  San  Juan  Basin,  near 
Dulce,  N.  Mex.,  where  it  is  conglomeratic  at  the  base  and 
consists  of  an  andesitic  matrix,  in  which  are  pebbles  of 
many  kinds  of  older  rocks;  above  this  conglomerate  are 
Eocene  leaves. 

The  last  published  contribution  to  the  geol- 
ogy and  paleontology  of  the  San  Juan  Basin 
was  made  in  1916,  when  four  short  papers  by 
C.  M.  Bauer,  C.  W.  Gilmore,  T.  W.  Stanton, 
and  me  were  issued  under  the  general  caption 
"  Contributions  to  the  geology  and  paleontology 
of  San  Juan  County,  N.  Mex/ ' "  The  first  paper 
of  the  series,  by  Bauer,  was  entitled  ''Stratig- 
raphy of  a  part  of  the  Chaco  River  valley''  and 
was  based  on  field  work  and  collections  made 
in  1915.  The  thesis  of  Bauer's  paper  he  gave 
as  ''an  attempt  to  set  forth  the  principal  features 
of  the  stratigraphy  in  a  part  of  the  San  Juan 
Basin — to  describe  the  succession  of  strata 
irrespective  of  possible  correlations  and  thereby 
Xo  establish  a  type  section  for  the  formations 
exposed  and  to  bring  out  their  relations  to  the 
strata  immediately  above  and  below." 

In  the,  complex  generally  designated  by 
previous  writers  as  Laramie  Bauer  was  able  to 
differentiate  two  additional  formational  units. 
The  lower  of  these,  called  the  Fruitland  forma- 
tion, rests  conformably  on  the  Pictured  Cliffs 
sandstone,  has  a  thickness  of  49  to  275  feet, 
and  contains  the  coal  of  the  region.  Conform- 
ably above  this  formation  is  the  Kirtland  shale, 
with  a  maximum  thickness  of  1,180  feet  and 
including  what  is  called  the  Farmington  sand- 
stone member,  which  reaches  a  thickness  of  455 
feet.  Above  the  Kirtland  is  the  Ojo  Alamo 
sandstone  of  Brown.  The  relation  between 
the  newer  and  older  interpretations  was  shown 
in  the  following  table : 

«  U.  S.  Oeol.  Survey  Prof.  Paper  98,  pp.  271-353, 1916. 
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Older  inter- 
pretations. 

Bauer,  1916. 

Wasatch. 

Wasatch. 

Torrejon. 

Torrejon  and  Puerco. 

1 

Puerco. 

Laramie. 
I^wis. 

Ojo  Alamo  sandstone. 

Kirtland  shale  and  Farmington 
sandstone  member. 

Fruitland  formation. 

> 

Pictured  Cliffs  sandstone. 

Lewis  shale. 

Mesaverde. 


Mesaverde. 


The  second  paper,  by  Gilmore,  was  entitled 
**  Vertebrate  faunas  of  the  Ojo  Alamo,  Kirt- 
land, and  Fruitland  formations/'  The  verte- 
brates include  dinosaurs,  turtles,  crocodiles, 
and  fishes,  and  according  to  Gilmore  they  '^  are 
found  throughout  these  deposits,  though  they 
appear  to  occur  most  abundantly  in  the  Ojo 
Alamo  and  thei  upper  part  of  the  Kirtland, 
sparsely  in  and  below  the  Farmington  sand- 
stone member  of  the  Kirtland,  and  more 
abundantly  in  the  Fruitland/'  His  conclu- 
sion regarding  their  age  was  as  follows: 

After  a  study  of  the  material  in  the  United  States 
National  Museum  collections  from  this  area,  and  after 
reviewing  the  literature  in  which  specimens  from  these 
formations  have  been  described,  I  conclude  that  the 
vertebrate  remains  from  the  Ojo  Alamo,  Kirtland,  and 
Fruitland  formations  show  beyond  all  question  that  they 
pertain  to  a  fauna  or  faunas  distinctly  older  than  that  of 
the  Lance,  and  that  such  evidence  as  there  is  contributes 
to  the  support  of  Brown's  contention  that  the  Ojo  Alamo 
sandstone  is  synchronous  with  the  Judith  River  and  Belly 
River  formations  as  found  in  areas  to  the  north. 

The  third  paper,  by  Stanton,  was  entitled 
**Nonmarine  Cretaceous  invertebrates  of  the 
San  Juan  Basin'*  and  dealt  mainly  with 
brackish  and  fresh  water  species  from  the 
Fruitland  formation,  only  2  of  the  27  recorded 
species  coming  from  the  Kirtland  shale  and 
none  from  the  Ojo  Alamo  sandstone.     A  table 


giving  the  stratigraphic  range  of  these  forms 
was  presented  and  was  discussed  by  Stanton 
as  follows: 

The  distribution  of  the  species  as  exhibited  in  the  table 
may  seem  at  first  glance  to  indicate  that  the  Fruitland 
fauna  is  about  as  closely  related  to  the  Mesaverde  and 
Judith  River  faunas  (which  are  approximately  contem- 
poraneous with  each  other)  as  it  is  to  the  Lance  and 
Laramie  faunas.  A  closer  analysis  of  the  table,  however, 
will  show  that  most  of  the  species  occurring  or  represented 
by  related  forms  in  the  Mesaverde  and  Judith  River  are 
long-lived  brackish-water  species  which  range  at  least  as 
high  as  the  Laramie.  Melania  insculpta  belongs  to  this 
class,  for  like  all  the  other  American  Cretaceous  species 
referred  to  Melania  it  is  invariably  associated  with 
brackish-water  forms.  The  only,  two  Fruitland  species 
with  an  outside  distribution  which  do  not  elsewhere 
range  into  the  higher  formations  are  Modiola  latieostata, 
from  the  Mesaverde,  and  Goniobasisf  aubtortuosa,  from 
the  Judith  River.  With  fresh-water  species,  especially 
those  belonging  to  the  genus  Unio,  the  case  is  different. 
The  majority  of  the  identical  and  closely  related  species 
are  found  in  the  Laramie,  the  so-called  "Lower  Laramie" 
of  southern  Wyoming,  and  the  iJance  and  do  not  range 
below  these  formations.  It  is  my  opinion,  therefore,  that 
the  invertebrate  evicjence  as  a  whole  favors  the  assign- 
ment of  the  Fruitland  formation  to  an  epoch  considerably 
later  than  Mesaverde  and  Judith  River  and  possibly  some- 
what earlier  than  Lance.  If  due  weight  is  given  to  the 
known  stratigraphic  relations  and  to  the  faunal  evidence 
from  the  underlying  formations,  the  Fruitland  can  hardly 
be  older  than  Fox  Hills,  and  the  sequence  from  the  base  of 
the  Fruitland  up  to  the  top  of  the  Ojo  Alamo,  which  is 
conformable,  according  to  Mr.  Bauer,  may  include  the 
equivalents  of  everything  from  the  Fox  Hills  to  the  Lance 
inclusive. 

In  my  paper,  on  the  **  Flora  of  the  Fruitland 
and  Kirtland  formations,"  the  flora  was  dis- 
cussed as  follows : 

• 

Of  the  40  forms  making  up  the  known  flora  of  the  Fruit- 
land and  Kirtland  formations,  16  have  been  found  in  other 
areas,  and  the  list  brings  out  the  fact  that  no  less  than  15  of 
these  forms  are  known  to  occur  in  the  Montana.  A  further 
analysis  of  the  list  shows  that  12  of  the  15  forms  occur  in  the 
Vermejo  formation  of  Colorado  and  New  Mextco,  10  occur 
in  the  Mesaverde,  or  rqcks  of  about  this  age,  in  Wyoming 
and  elsewhere,  and  6  species  are  common  to  both  these 
areas.  On  the  basis  of  this  showing  the  conclusion  seems 
justified,  therefore,  that  the  Fruitland  and  Kirtland  for- 
mations are  of  Montana  age. 

The  material  in  a  single  small  collection  from 
the  Ojo  Alamo  beds  was  so  fragmentary  that 
it  could  not  be  identified  with  satisfaction. 
Concerning  it  I  said: 

It  includes  portions  of  a  large  leaf  of  unknown  affinity,  a 
small  wLllow-Uke  leaf,  and  a  large  leaf  that  appears  to  be 
an  Aralia  of  the  type  of  Aralva  notata  Lesquereux,  a  species 
very  abundant  and  widely  distributed  in  the  Fort  Union 
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fonnaiion.  Nothing  like  this  has  been  noted  in  the 
underlying  beds,  and  to  a  certain  extent  it  argues  for  the 
Tertiary  age  of  the  Ojo  Alamo  beds,  though  obviously 
the  evidence  is  not  strong.  For  the  present,  therefore,  the 
dictum  based  on  the  evidence  of  the  fossil  vertebrates  that 
these  beds  can  not  be  separated  from  the  underlying  beds 
must  be  accepted,  though  the  writer  can  not  escape  the 
impression  that  they  may  ultimately  be  shown  to  be  of 
Tertiary  age. 

From  the  above  exposition  it  appears  that 
the  plants  and  vertebrates  are  in  substantial 
agreement  in  indicating  a  Montana  age  (Mesa- 
verde  or  Judith  River  position)  for  the  beds 
previously  considered  referable  to  the  Laramie, 
whereas  the  invertebrates  are  interpreted  as 
''indicating  an  epoch  considerably  later  than 
Mesaverde  and  Judith  River  and  possibly 
somewhat  earlier  than  Lance/' 

"LARAMIE"  m  WESTSBN  TEXAS  AND  NOBTHSBN 

MEXICO. 

WESTERN   TEXAS. 

The  extreme  desirability  of  establishing  a 
connection  between  the  late  Cretaceous  and 
early  Tertiary  section  of  the  great  interior 
region  and  the  well-authenticated  marine  sec- 
tion of  the  Gulf  coast  region  has  long  been 
recognized.  The  Laramie  in  particular  was 
one  of  the  stratigraphic  units  characteristic  of 
the  Rocky  Mountain  region  that  it  was  hoped 
might  sometime  be  brought  into  harmony  with 
the  marine  succession  of  the  Coastal  Plain. 
C.  A.  White,  who  had  taken  so  large  a  part  in 
the  exploitation  of  the  Laramie  and  who  waa 
more  or  less  familiar  with  both  these  areas,  was 
especially  desirous  of  establishing  such  a  rela- 
tion.    In  an  article  published  in  1888  ''  he  says: 

During  the  12  years  preceding  the  autumn  of  1887,  in 
which  I  had  made  extensive  studies  and  observations  con. 
ceming  the  Laramie  group,  I  was  never  able  to  obtain  any 
persDual  knowledge  of  the  actual  stratigraphic  relation  of 
that  group  to  any  of  the  marine  Tertiary  groups  which 
border  various  portions  of  North  America. 

He  then  wrote  of  having  studied  the  Laramie 
from  the  State  of  Nuevo  Leon,  Mexico,  on  the 
south,  to  northern  Montana  on  the  north,  and 
added  that  within  this  vast  region 

wherever  any  strata  were  found  resting  upon  the  Laramie 
they  were  always  those  of  the  great  fresh-water  Tertiary 
series;  but  I  had  not  then  traced  the  Laramie  into  a  district 
within  which  marine  Tertiary  strata  were  known  to  exist. 
That  is,  in  tracing  the  Laramie  into  Mexico  I  had  followed 


o  White,  C.  A.,  Oa  the  relatioa  o(  the  Laramie  group  to  earlier  and  later 
formations:  Am.  Jour.  Scl.,  3d  ser.,  vol.  35,  pp.  432-438, 1888. 


the  trend  of  that  formation  from  the  north  and  thus 
passed  to  the  westward  of  the  outcrops  of  the  Gulf 
Tertiaries. 

In  1884  Prof.  E.  D.  Cope  ^  announced  that  he  had 
found  'Hhe  Claiborne  beds  resting  immediately  upon  the 
Laramie  at  Laredo,"  Tex.,  but  he  then  mentioned  no 
correl$ited  facts  in  support  of  this  important  announce- 
ment, and,  so  far  as  I  am  aware,  none  have  since  been 
published.  The  known  southeastward  trend  of  the  Lar- 
amie and  the  circling  and  therefore  converging  trend  of  the 
Gulf  series  of  formations  made  it  evident  that  the  district 
traversed  by  the  lower  Rio  Grande  would  be  f oimd  to  be 
the  most  promising  field  in  which  to  search  for  the  strati- 
graphical  relation  between  the  Laramie  and  the  Eocene 
Tertiary.  With  this  object  in  view,  I  last  autumn  visited 
that  region  and  had  the  satisfaction  of  confirming  the 
observation  previously  made  by  Prof.  Cope. 

Starting  at  Eagle  Pass,  Tex.,  I  proceeded  down  upon 
the  Texan  side  of  the  valley  of  the  Rio  Grande  to  Laredo, 
making  observations  by  the  way.  The  strata  representing 
the  Fox  Hills  group  of  the  western  section  and  the  Ripley 
group  of  the  eastern  were  found  to  dip  gradually  in  the 
direction  of  the  course  of  the  river  and  to  receive  those 
of  the  Laramie  group  upon  them,  the  older  strata  passing 
finally  from  view  in  that  direction. 

The  strata  which  are  exposed  in  the  bluffs  along  the 
left  bank  of  the  Rio  Grande  from  25  to  30  miles  above 
Laredo  and  which  bear  one  or  more  workable  beds  of  coal 
there  are  referred  confidently  to  the  Laramie,  although 
they  afforded  me  only  a  few  imperfect  fossils.  These 
strata  dip  gradually  to  the  southeastward,  or  approximately 
in  the  direction  of  the  river's  course,  and  disappear  be- 
neath the  sandy  strata  of  the  Eocene  Tertiary  some  10 
or  12  miles  above  Laredo.  Below  this  and  all  around 
Laredo  the  strata  which  I  found  exposed  are  of  Eocene 
age,  and  in  many  places  they  bear  an  abundance  of 
characteristic  fossils. 

While  I  have  no  doubt  as  to  the  Laramie  age  of  the 
strata  referred  to,  which  I  observed  on  both  sides  of  the 
Rio  Grande,  and  none  as  to  the  Eocene  age  of  the  strata 
which  I  found  overlying  them,  I  am  by  no  means  certain 
that  the  lowermost  strata  which  I  found  resting  upon 
the  Laramie  near  Laredo  represent  the  lowermost  strata 
of  the  Eocene  division  of  the  Gulf  series.  Indeed,  so 
far  as  I  could  discover,  no  equivalent  of  the  "Northern 
Lignite,"  the  lowermost  member  of  the  Eocene  of  Hilgard'p 
Mississippi  section,  exists  in  the  region  round  about 
Laredo,  unless  the  coal-bearing  strata  of  the  upper  portion 
of  the  Laramie  are  really  its  equivalent.  I  am  disposed 
to  accept  this  view  of  the  case  and  to  regard  the  Northern 
Lignite  of  the  Mississippi  section  and  its  equivalent 
elsewhere,  including  the  uppermost  strata  of  the  Laramie, 
as  really  of  Eocene  age. 

The  view  above  expressed  was  entertained 
by  White  when  he  published  his  correlation 
paper  on  the  Cretaceous  in  189 1.'*    He  said: 

The  Laramie  formation  prevails  over  a  large  part  of  the 
Great  Interior  area,  but  within  the  Texas  region  it  has 
been  recognized  only  in  western  Texas,  and  it  has  hitherto 

uCope,  E.  D.,  Am.  Ptailos.  Soc.  Proc.,  vol.  3,  p.  615, 1884. 
•*  Wbite,  C.  A.,  U.  S.  Oeol.  Survey  Bull.  82,  p.  117, 1881. 
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been  observed  there  only  in  the  valley  of  the  Rio  Grande 
and  in  that  of  the  Nueces  River,  but  there  seems  to  be  lit- 
tle room  for  doubt  that  the  lignite  beds  of  eastern  Texas, 
as  well  as  those  of  the  State  of  Mississippi,  which  are 
usually  regarded  as  of  early  Eocene  age,  are  really  equiva- 
lent to  the  upper  part  of  the  Laramie. 

The  presence  of  the  Laramie  formation  in 
western  Texas,  so  confidently  proclaimed  by 
White,  has  not  been  confirmed  by  subsequent 
workers  in  this  field;  in  fact,  in  the  year  fol- 
lowing the  publication  of  his  paper  above 
mentioned,  Penrose  •*  in  a  way  laid  the  foun- 
dation for  a  quite  different  interpretation  of 
the  section.  In  speaking  of  the  Cretaceous 
along  the  Rio  Grande  he  said : 

It  may  be  said,  however,  that  Cretaceous  fossils  have 
been  found  at  Eagle  Pass,  and  from  there  down  the  river 
to  the  Webb  County  line  are  found  great  quantities  of  am- 
monites and  other  fauna  of  that  epoch.  In  fact,  it  is  not 
until  we  reach  a  point  3  miles  below  the  northwest  comer 
of  Webb  County  that  true  Tertiary  (or  Laramie)  forms  are 
found. 

In  1892  Dumble^  studied  this  same  section, 
concerning  which  he  wrote  as  follows: 

From  this  point  [10  miles  below  Eagle  Pass]  to  the  falls 
of  the  Rio  Grande,  just  above  the  Webb  County  line,  the 
exposures  are  but  repetitions  one  of  another — brown,  buff, 
blue,  or  green  clays,  with  sandstones,  sometimes  friable 
and  sometimes  so  indurated  as  to  be  semiquartzites. 
Abundant  fossils,  consiting  of  ammonites  (Placenticeras), 
oysters,  and  gastropods,  are  found.  The  rapids  (or  falls  of 
the  Rio  Grande),  which  continue  almost  to  the  line  be- 
tween the  two  counties,  are  formed  by  the  edges  of  some  of 
these  ammonite-bearing  beds  as  they  pass  below  water 
level.  From  this  point  to  the  Webb  Bluff,  a  distance  of  3 
miles,  no  fossils  were  found;  but  there  was  no  change  in 
the  lithologic  character  of  the  rock  materials,  nor  could 
the  clays  at  the  base  of  the  Webb  Bluff  section  be  distin- 
guished in  any  way  from  those  observed  at  the  rapids 
above.  ♦  ♦  «  W'e  have,  therefore,  only  3  miles  in 
which  there  can  be  any  room  for  deposits  intermediate  be- 
tween strata  containing  fossils  of  recognized  and  decisively 
Cretaceous  forms  and  those  containing  marine  Eocene 
forms.  The  average  dip  does  not  exceed  100  feet  per 
mile,  and  we  saw  nothing  in  any  of  the  exposures  on 
either  bank  of  the  river  in  this  space  to  indicate  a  change 
until  we  reached  Webb  Bluff  itself. 

In  1900  Vaughan,"  in  a  paper  entitled  '*  Re- 
connaissance in  the  Rio  Grande  coal  fields  of 
Texas,"  discussed  the  Cretaceous-Eocene  con- 
tact along  the  Rio  Grande.  He  agreed  with 
White,  Penrose,  and  Dumble  that  there  is  no 
sharp  lithologic  line  between   the  Cretaceous 


•^  Penrose,  R.  A.  F.,  Jr.,  Texas  Oeol.  Survey  First  Ann.  Rept.,  pp 
3»-41, 1889. 
«  Dumble,  E.  T.,  Oeol.  Soc.  America  Bull.,  vol.  3,  pp.  228,  229,  1802. 
«  Vauglian,  T.  W.,  U.  S.  Qeol.  Survey  Bull.  160,  pp.  35  et  seq.,  1900. 


and  Eocene;  in  fact,  no  actual  contact  had 
been  discovered  up  to  that  time.  Vaughan 
added : 

The  principal  result  of  the  writer's  work  on  the  Rio 
Grande  was  in  proving  the  existence  of  Eocene  fossils 
some  3  or  4  miles  above  the  Webb-Maverick  county  line, 
6  or  7  mile3  above  where  Penrose  and  Dumble  first  found 
such  fossils.  The  fossils  obtained  here  are  typical  lower 
£ocene. 

In  1911  Dumble**  published  additional  re- 
marks on  the  Cretaceous-Eocene  contact  along 
the  Rio  Grande,  in  which  he  stated  that  the 
contact  is  *'well  shown  below  Toro  Colorado, 
just  above  the  falls  of  the  Rio  Grande  and  on 
Caballero  Creek/' 

In  the  fall  of  1912  L.  W.  Stephenson  •"  made 
investigations  in  Maverick  County,  Tex.,  which, 
he  said,  *^  resulted  in  the  exact  determination  of 
the  Cretaceous-Eocene  contact  along  the  river 
[Rio  Grande]  and  the  approximate  determina- 
tion of  the  outcrop  of  the  contact  northward 
through  the  county."  He  found  the  contact  at 
a  point  on  the  Rio  Grande  below  White  Bluff, 
about  5  miles  above  the  Webb  County  line.  At 
this  point  the  undoubted  Upper  Cretaceous 
beds,  known  as  the  Escondido  formation,  are 
overlain  unconformably  by  undoubted  marine 
Eocene,  the  contact  between  them  being  sharp 
and  slightly  undulating. 

The  results  above  set  forth  appear  to  settle 
conclusively  the  fate  of  the  Laramie  of  western 
Texas  as  advocated  by  White.  The  highest 
Cretaceous  beds  of  the  region  are  known  as  the 
Escondido  formation  and  correspond  approxi- 
mately to  the  Fox  Hills  of  the  Rocky  Moun- 
tain area  and  the  Ripley  formation  of  the  Gulf 
coast.  Above  the  Escondido  formation  are 
the  beds  referred  by  White  to  the  Laramie,  but 
all  recent  workers  in  the  field  agree  that  they 
are  undoubtedly  Eocene.  The  lowest  is  the 
Midway  formation,  above  which  is  the  Wilcox 
formation,  which  in  turn  is  overlain,  at  least  in 
certain  areas,  by  the  Claiborne  or  upper  Eocene. 

NORTHERN    MEXICO. 

So  far  as  I  know  C.  A.  White  was  the  first  to 
announce  that  the  Laramie  is  present  in  north- 
ern Mexico,  a  conclusion  which  of  course  fol- 
lowed from  his  supposed  identification  of  this 

*^  Dumble,  E.  T.,  Rediscovery  of  some  Conrad  forms:  Science,  newser., 
vol.33,  p.  971,  1911. 
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horizon  along  the  Rio  Grande  in  adjacent 
Texas.  In  a  paper  published  in  1883  '*  he 
mentioned  a  small  collection  of  invertebrates 
obtained  at  a  point  about  7^  miles  northwest 
of  Lampazos,  in  the  State  of  Nuevo  Leon.  He 
enumerated  seven  speciesi,  as  follows : 

Ostrea  wyomingensis  Meek. 

Anomia  micronema  Meek. 

Modiola  regularis  White? 

Corbula  subundifera  White. 

Corbicula  cytheriformis  Meek  and  Hayden? 

Odontobasis  buccinoides  White. 

Melania  wyomingensis  Meek. 

Concerning  these  invertebrates  White  said : 

This  Mexican  collection,  so  far  as  it  goes,  is  an  almost 
exact  duplication  of  the  Laramie  molluscan  fauna  of  the 
Bitter  Creek  serijBs  as  found  at  Hock  Springs,  Point  of 
Rocks,  and  Black  Buttes,  in  southern  Wyoming,  points 
which  are  more  than  a  thousand  miles  north  of  the  Mexican 
locality. 

The  collection  of  invertebrates  above  listed 
is  not  now  known  to  be  in  existence ,  but 
other  similar  material,  collected  later  at  or 
near  the  same  locality  by  White,  is  preserved 
in  the  United  States  National  Museum.  I 
am  informed  by  T.  W.  Stanton,  in  whose 
custody  this  material  now  is,  that  he  does  not 
accept  all'  these  identifications  as  l>eing  cor- 
rect, and  further,  certain  of  the  species  have 
so  great  a  known  vertical  range  as  to  render 
them  of  slight  stratigraphic  value.  The  com- 
parisons that  White  made  between  the  Mex- 
ican specimens  and  the  fauna  of  the  ^^  Bitter 
Creek  series*'  shows  that  at  least  two  horizons 
were  then  confused  as  Laramie. 

In  1888,  in  an  article  already  mentioned, 
White"  again  referred  to  this  Mexican  locality, 
writing  as  follows : 

Going  westward  from  Laredo  to  Lampazos  in  Mexico 
I  was  able  to  recognize  the  Eocene  strata  for  a  distance  of 
about  20  miles,  beyond  which  the  underlying  rocks  are 
so  fully  obscured  by  the  debris  of  the  plain  that  no  ex- 
posures were  observed  until  the  neighborhood  of  Lam- 
pazos was  reached.  The  known  presence  of  Laramie 
strata  a  few  miles  to  the  northward  of  Lampazos,  which 
bear  characteristic  molluscan  fossils  of  that  formation, 
however,  leaves  no  room  for  doubt  that  the  Laramie  is 
overlaid  by  the  Eocene  upon  the  Mexican  side  of  the 
Rio  Grande,  just  as  it  is  upon  the  Texan  side. 


70  White,  C.  A.,  Late  observations  concerning  the  molluscan  fauna  and 
the  geographical  extent  of  the  Laramie:  Am.  Jour.  Sci.,  3d  ser.,  vol.  25, 
pp.  207-209,  1K83. 
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This  view  was  still  entertained  by  White" 
when  he  published  his  correlation  essay  in 
1891,  for  we  find  him  saying: 

The  Laramie,  which  is  such  an  important  formation  in 
the  two  interior  regions,  is  also  an  important  one  in  the 
north  Mexican  region,  especially  in  the  States  of  Chi- 
huahua, Coahuila,  and  Nuevo  Leon.  Its  presence  in 
the  first-named  State  has  just  been  mentioned,  and  it  is 
also  well  developed  in  the  Sabinas  Valley,  in  Coahuila, 
where  it  is  an  important  coal-bearing  formation. 

It  has  also  been  recc^nized  by  its  characteristic  fossils 
as  far  south  as  the  vicinity  of  LampazxM,  in  the  State  of 
Nuevo  Leon.  In  this  State,  near  to  the  Rio  Grande,  as 
well  as  on  the  Texan  side  of  that  river,  it  has  been  found 
to  rest  upon  the  equivalent  of  the  Eagle  Pass  beds  and  in 
turn  to  pass  by  a  gentle  southerly  dip  beneath  the  marine 
Eocene  beds  which  occur  there. 

The  stratigraphic  relation  of  the  Laramie  to  the  im- 
mediately underlying  Cretaceous  formation  is  quite  as 
intimate  in  the  north  Mexican  region  as  it  is  elsewhere. 
The  two  formations  appear  to  have  been  the  result  of  con- 
tinuous sedimentation,  their  interdelimitation  being 
marked  only  by  a  material  change  in  the  paleontologic 
character  of  the  strata. 

For  a  decade  or  more  after  the  above- 
recorded  investigations  by  White  compara- 
tively little  work  bearing  on  the  question  under 
consideration  was  done  in  northern  Mexico. 
As  late  as  1905,  however,  the  Mexican  geolo- 
gists appear  to  have  followed  White  in  recog- 
nizing the  presence  of  Laramie.  Thus  Agui- 
lera,'^  in  discussing  the  stratigraphy  and  struc- 
ture of  the  State  of  Coahuila,  accepted  the 
Laramie  and  described  it  as  consisting  of  glau- 
conitic  sandstones  with  impressions  of  plants 
and  silicified  wood.  He  placed  it  as  equiva- 
lent to  the  upper  part  of  his  Esperanzas  beds 
and  above  what  has  been  called  Eagle  Pass 
formation  in  the  Texan  section. 

E.  T.  Dumble  has  published  several  papers 
on  the  geology  of  northern  Mexico,  though  re- 
lating mainly  to  the  Tertiary  part  of  the  sec- 
tion. In  one  ''*  he  wrote  of  having  traced  the 
Cretaceous-Tertiary  contact  from  Caballero,  on 
the  Rio  Grande,  to  Rainones,  40  miles  east  of 
Monterey.  The  uppermost  Cretaceous  strata 
he  referred  to  the  Escondido  formation. 

The  conclusions  reached  concerning  the  pres- 
ent disposition  of  the  beds  in  western  Texas 


n  White,  C.  A.,  Correlation  papers — Cretaceous:  U.  S.  Geol.  Survey 
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that  were  formerly  referred  to  the  Laramie 
apparently  apply  with  equal  force  to  the  simi- 
lar beds  in  adjacent  Mexico.  That  is  to  say, 
there  is  every  reason  to  believe  that  the  Eocene 
beds  immediately  above  the  Cretaceous  line, 
which  on-  the  Texas  side  of  the  Rio  Grande  are 
referred  to  the  Midway,  continue  without  much 
if  any  change  to  the  Lampazos  region,  in  the 
the  State  of  Nuevo  Leon.  Similarly,  the  beds 
in  the  coal-bearing  area  of  northern  Coahuila, 
south  of  Eagle  Pass,  are  presumably  the  same 
as  or  similar  to  the  coal-bearing  series  in  the 
Eagle  Pass  region  along  the  Rio  Grande.  Ac- 
cording to  my  knowledge  and  beUef  the  Lara- 
mie is  not  present  in  Mexico,  or  if  there  its 
presence  must  be  demonstrated  according  to 
modem  standards  established  for  the  recogni- 
tion of  this  formation. 

JUDITH  BIVXB  FOBMATION. 

The  Judith  River  beds,  in  the  vicinity  of  the 
mouth  of  Judith  River,  Mont.,  have  been  the 
subject  of  prolonged  discussion  and  difference 
of  opinion,  and  even  at  the  present  time  there 
are  some  geologists  who  do  not  consider  the 
question  of  age  conclusively  settled.  As  this 
question  comes  only  incidentally  into  the  pres- 
ent discussion,  it  is  not  necessary  to  go  freely 
into  the  early  history  of  opinion,  especially  as 
thb  has  been  so  thoroughly  covered  up  to  1905 
by  Stanton  and  Hatcher  J' 

At  first  Leidy's  studies  of  the  vertebrates  in- 
clined him  to  refer  these  beds  to  the  Jurassic 
(Wealden).  The  invertebrates  then  known 
(1856)  proved  very  puzzling.  At  one  time  they 
were  considered  by  Meek  and  Hayden  as  possi- 
bly lowest  Cretaceous,  though  they  were  de- 
scribed as  Tertiary,  and  ultimately  Meek  con- 
sidered it  highly  probable  that  they  are  Cre- 
taceous. Marine  beds  immediately  below  the 
Judith  River  beds  were  identified  as  Fox  Hills, 
BXid  the  beds  immediately  above  as  Fort 
Union.  Cope,  in  1875,  from  his  extensive 
studies  of  the  vertebrates,  referred  the  beds  to 
the  uppermost  Cretaceous  but  stated  that  the 
faima  has  ''some  Tertiary  affinities."  By  the 
time  the  Laramie  was  established  by  King,  it 
had  come  to  be  generally  accepted  that  the 
Judith  River  beds  were  stratigraphically  and 

'•BtantQD,  T.  W.,  and  Hatcher,  J.  B.,  Geology  and  paleontology  of 
the  Judith  River  beds:  U.  S.  Geol.  Survey  Bull.  257^  1906. 
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paleontologically  in  the  proper  position  de- 
manded by  the  definition  of  the  Laramie,  and 
hence  we  find  C.  A.  White  ^*  referring  to  them 
as  one  of  the  subordinate  groups  or  regional 
divisions  of  this  group,  as  it  was  then  called. 
He  said  (p.  865) : 

The  proof  of  the  identity  of  these  widely  separated 
portions  of  the  Laramie  group  consists  in  the  recognition 
of  various  species  of  fossil  mollusks  in  all  of  them  that 
are  found  in  some  one  or  more  of  the  others,  thus  con- 
necting the  whole  by  faunal  continuity. 

So  far  as  the  Judith  River  is  concerned  the 
above  disposition  was  consistently  held  by 
White  in  all  his  subsequent  publications,  and 
the  subject  continued  practically  without  essen- 
tial change  until  1905,  wheA  Stanton  and 
Hatcher  published  the  paper  above  mentioned. 
As  the  result  of  their  studies  in  the  original 
Judith  River  area,  as  well  as  in  adjacent  areas 
in  northern  Montana  and  along  Milk  River  in 
Canada,  they  reached  the  conclusion  that  the 
Judith  River  formation  is  of  Montana  age  and 
the  equivalent  of  the  Belly  River  beds  of 
Canada.  Their  stratigraphic  results  and  cor- 
relations are  displayed  graphically  in  the  fol- 
lowing section : 


South  Dakota. 

1 

Central  and  northern  Montana, 

Laramie. 
Fox  Hillfl. 

Laramie  (7). 

Fox  Hills  (?). 

Pierre. 

Bear  paw. 
Judith  River. 
Claa<ett. 
Eagle. 

The  Fox  Hills  and  Laramie  formations  were 
not  definitely  identified  by  them  in  Montana. 

The  above  interpretation  regarding  the 
Judith  River  was  brought  in  question  by  A.  C. 
Peale  ^^  in  a  long  article  published  in  1912,  in 
which  he  contended  that  there  are  two  forma- 
tions lithologically  similar  that  have  been  con- 
fused, one  being  in  the  position  of  the  Belly 
River  and  preferably  to  be  called  by  that  name^ 
and  the  other — the  real  Judith  River-^beiflg 
later  than  Fox  Hills  and  probably  to  be  rer 

I  I  I         11  I       !■       I  ■     I «  ■  mill! 

7«  U.  S.  O«ol.  and  Oeog.  Stirv«y  Terr.  Bull.,  vol.  i,  p.  731, 1878. 
n  On  the  stratigraphic  position  and  age  of  the  Judith  River  formation : 
Jour.  Geology,  vol.  70,  pp.  530>549.  640-662,  738-757,  1912. 
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garded  as  equivalent  to  the  lower  part  of  the 
Lance  formation. 

Peale's  view  was  essentially  sustained  by 
Charles  H.  Sternberg,  in  a  short  paper  pub- 
lished in  Science  for  July  25,  1914,  based  on 
the  recollection  of  30  years  before,  whei^  he 
had  assisted  Cope  in  collecting  the  vertebrate 
forms  that  later  came  into  prominence  in  con- 
nection with  this  problem.  In  1914,  however, 
Sternberg  again  visited  the  region  about  the 
mouth  of  Judith  River  and  completely  reversed 
his  conclusions  as  to  the  Tertiary  age  of  the 
beds  in  question." 

The  latest  and  most  authoritative  statement 
is  that  published  by  C.  F.  Bowen  '•  in  1915, 
which  presented  the  result  of  several  seasons' 
work  in  this  and  adjacent  areas.  In  general 
Bowen  agreed  with  the  statements  of  Stanton 
and  Hatcher,  namely,  that  the  Judith  River  is 
the  equivalent  of  the  Belly  River  of  Canada 
and  is  of  Montana  age.  He  recognized,  how- 
ever, that  there  was  possibly  some  mixing  of 
horizons  in  the  earlier  collections  of  vertebrate 
remains,  as  I  pointed  out*^  in  regard  to  the 
turtles,  and  said  that  to  this  mav  be  due  the 
confusion  that  has  resulted.  Bowen  wrote  as 
follows : 

The  extensive  faulting  that  has  disturbed  the  strata 
along  Missouri  River  renders  it  possible,  though  it  is  not  ex- 
tremely probable,  that  blocks  of  the  Lance  formation  may 
be  faulted  down  among  the  beds  of  Judith  River  age  and 
that  some  of  the  vertebrates  collected  by  Hayden  and 
others  "from  the  badlands  of  the  Judith"  may  have  been 
obtained  from  the  Lance  formation  instead  of  the  Judith 
River  formation,  as  they  supposed. 

The  results  obtained  by  Bowen,  as  set  forth 
above,  were  essentially  duplicated  by  Stebin- 
ger'^  in  his  work  farther  west  in  Montana, 
though  he  did  not  find  it  possible  to  recognize 
all  the  units  present  at  the  mouth  of  Judith 
River. 

It  therefore  seems  settled  that  the  Judith 
River  formation  is  not  to  be  regarded  as  of 
Laramie  age. 

**  Science,  new  ser.,  vol.  42,  p.  131, 1915. 

'*  Bowen,  C.  F.,  The  stratigraphy  of  the  Montana  group,  with  special 
reference  to  the  position  and  age  ottbe  Judith  River  formation  in  north- 
central  Montana:  U.  8.  Geol.  Survey  Prof.  Paper  90,  pp.  95-153,  1915. 

M  Knowlton,  F.  H.,  Remarks  on  the  foesil  turtles  accredited  to  the 
Judith  River  formation:  Washington  Acad.  Sci.  Proc.,  vol.  13,  pp.  51-65, 
1911. 

n  Stebinger,  Eugene,  The  Montana  group  of  northwestern  Montana: 
U.  8.  Oeol.  Survey  Prof.  Paper  BO,  pp.  01-08, 1914. 


BEAB  BIVBK  FOBUATION. 

The  Bear  River  formation,  as  it  is  now  called, 
has  given  rise  to  almost  as  much  discussion  and 
difference  of  opinion  as  the  Judith  River  forma- 
tion, just  mentioned.  It  comprises  a  series  of 
purely  fresh-water  strata  of  considerable  areal 
extent,  mainly  in  the  valley  of  Bear  River  in 
southeastern  Wyoming  and  adjacent  Idaho. 
With  the  exception  of  a  few  unidentifiable  frag- 
ments of  dicotyledonous  leaves  and  a  single 
species  of  Chara — a  fresh-water  alga — its  only 
paleontologic  contents  known  are  numerous 
invertebrates  of  fresh-water  types  and  a  few 
brackish-water  forms.  On  account  of  the  sup- 
posed affinities  of  these  invertebrates  the  beds 
containing  them  were  at  first,  in  1860,  and  for 
many  years  thereafter  referred  with  little  hesi- 
tation to  the  Tertiary.  Then,  as  certain  differ- 
ences came  to  be  detected,  it  was  hinted  by 
Meek  and  others  that  the  age  might  possibly  be 
latest  Upper  Cretaceous  instead  of  Tertiary, 
and  when  the  Laramie  was  promulgated  the 
Bear  River  beds  were  immediately  mapped  by 
King  and  others — in  this  convenient  catchall. 
They  came  later  to  be  known  as  the  "Bear 
River  Laramie." 

In  1891  T.  W.  Stanton  "  was  able  to  show 
that  this  formation,  previously  considered  to 
be  of  Laramie  or  later  age,  is  in  reality  interme- 
diate between  the  Jurassic  and  the  Colorado 
Cretaceous.  Of  its  thirty  or  more  species  of 
invertebrates  none  have  been  found  in  the  true 
Laramie.  Thus  another  supposed  Laramie 
area  has  been  eliminated.  The  complete  his- 
torical summary  of  opinion  regarding  the  Bear 
River  formation  may  be  foimd  in  two  papers 
by  C.  A.  White,«  published  in  1892  and  1895, 
to  which  the  reader  desiring  further  details  is 
referred. 

PRESENT  USAGE  OF  THE  TERM  LARAMIE. 

The  term  Laramie,  as  originally  established 
by  King,  seemed  to  have  a  very  definite  sig- 
nification and  delimitation,  but  during  the  40 
years  after  it  was  first  defined  it  had  come, 

_ 

»  The  stratigraphic  position  of  the  Bear  River  formation:  Am.  Jour. 
Sd.,  3d  set!,  vol.  43,  p.  98, 1892. 

(f  On  the  Bear  River  formation,  a  series  of  strata  hitherto  known  as 
the  Bear  River  Laramie:  Am.  Jour.  Sci.,  3d  ser.,  vol.  43,  pp.  91-97, 1892; 
The  Bear  River  formation  and  its  characteristic  fauna:  U.  S.  Qeol.  Sur- 
vey Bull.  128,  1895. 
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through  faulty  interpretation,  mistaken  strati- 
graphic  identification,  and  general  k)osetiess  of 
application,  to  have  a  somewhat  varying  and 
vicarious  usage.     It  was  undoubtedly  estab- 
lished by  King  as  a  f ormational  term,  although, 
owing  to  lack  of  definiteness  in  stratigraphic 
nomenclature  current  then  and  later,  it  was 
sometimes  alluded  to  as  the  "Laramie  group," 
the  ''Laramie  series,"  etc.    As  an  instance  of 
this  latitude  in  the  usage  of  the  term,  mention 
may  be  made  of  a  recent  textbook  of  geology, 
in  which  ''Laramie  series"  is  applied  to  all  the 
beds    between    the    Montana    and    the    For,t 
Union,  while  "Upper  Laramie"  and  "Lower 
Laramie"  or  "Laramie  proper"  are  applied, 
respectively,  to  the  beds  above  and  below  the 
unconformity  first  shown  by  Cross  to  exist  in 
the  Denver  Basin.     It  has  been  and  indeed  to 
some  extent  still  is  the  custom  among  vertebrate 
paleontologists  to  employ  Laramie  as  a  group 
term,  applying  it  collectively  to  the  beds  con- 
taining the  well-known  ceratopsian  fauna,  such 
as  the  Arapahoe,  Denver,  and  Lance.     In  the 
Canadian  provinces  Laramie  is  used  practically 
as  it  was  established  by  Dawson,  Tyrrell,  and 
others,  namely,  as  a  group  term  including  the 
Edmonton  (lower)  and  Paskapoo  formations. 
The  Edmonton  is  sometimes  called   "Lower 
Laramie,"  and  the  Paskapoo  "  Upper  Laramie." 
In  the  present  work  the  usage  established 
in    the   United   States   Geological   Survey   is 
followed.     Laramie  is  considered  as  a  f orma- 
tional  term,    and   the   Laramie   formation  is 
defined  in  accordance  with  the  original  defini- 
tion of  King,  namely,  as  the  uppermost  member 
of  the  conformable  Cretaceous  series  above  the 
Fox  Hills.     This  usage  not  only  brings  the 
term  into  harmony  with  the  origmal  application 
but  places  it  in  accord  with  most  recent  inter- 
pretation   and    obviates    the    confusion    and 
looseness  that  must  inevitably  result  from  using 
it  as  a  group  term.     If,  as  has  been  recently 
suggested,  Laramie  were  to  be  employed  as  a 
group  term  it  would  involve  the  anomalous 
condition  of  embracing  portions  of  twc  geologic 
systems  which  are    separated    b^    an  uncon- 
formity that  is  believed  by  many  to  be  one  of 
the    most    important    in    the    whole    Rocky 
Mountain  section.     If  a  group  term  is  needed 
for  the  several  recognized  formations  contain- 
ing the  Triceratops  fauna,  it  has  already  been 


supplied  by  Cross,'*  who  has  proposed  for  them 
the  term  Shoshone  group,  which  is  "  defined  as 
embracing  the  lacustrine,  fluviatile,  or  ter- 
restrial deposits,  composed  of  detritus  from 
the  rising  land  area  of  the  Rocky  Mountain 
province,  formed  between  the  Laramie  and 
Fort  Union  epochs." 

IS  THERE  A  TYPE  SECTION  FOR  THE  LARAMIE? 

In  the  refinement  of  modern  geologic  methods 
it  is  considered  essential  that  a  type  section  be 
designated  when  a  new  formational  or  other 
stratigraphic  i^nit  is  proposed,  though  it  not 
infrequently  happens  that  subsequent  study 
discloses  the  fact  that  what  was  desmbed  as 
"typical"  is  a  more  or  less  incomplete  expres- 
sion of  what  the  unit  under  consideration*  is 
found  ultimately  to  represent.  Concerning 
this  point  Ulrich •'  said: 

No  local  Section  contains  within  itself  the  data  required 
for  anything  approaching  a  final  classification  of  its  com- 
ponent parts.  This  becomes  possible  only  when  exhaus- 
tive comparisons  with  many  other  near  and  far  sections 
have  been  made.  *  *  *  The  divisions  are  seldom 
drawn  with  due  regard  to  the  organic  and  diastrophic 
histories  of  the  several  beds. 

At  the  time  of  the  early  work  in  the  Rocky 
Mountain  region,  which  resulted  in  the  estab- 
lishment of  many  of  the  stratigraphic  imits 
that  have  since  become  so  widely  known,  ap- 
preciation was  not  so  keen  as  to  the  necessity 
of  tying  such  units  to  a  definite  type  section, 
though  even  then  the  practice  varied  among 
the  several  geologists  who  were  prominent  in 
this  field.  The  naming  of  the  Laramie  offers 
a  case  in  point.  It  appears  that  it  was  the 
usual  custom  of  King,  who  named  and  estab- 
lished the  Laramie,  to  designate  more  or  less 
definitely  a  type  section  or  locality  for  each 
stratigraphic  unit  that  he  established.  For  the 
Laramie,  however,  he  failed  to  do  this  specif- 
ically, though  there  was  not  then  nor  is  there 
believed  to  be  now  any  valid  doubt  as  to  just 
what  he  had  in  mind. 

This  state  of  affairs  led  Veatch  *•  some  years 
ago   to   make   a   critical   historical   study   of 

M  Cross,  Whitman,  The  Laramie  formation  and  the  Shoshone  group: 
Washington  Acad.  Sci.  Proc.,  vol.  11,  pp.  27-45,  IMO. 

•ft  Ulrich,  E.  O.,  Revision  of  the  Paleosolc  systems:  Oeoi;  Soc.  America 
Bull.,  vol.  22,  p.  387,  1011. 

M  Veatch,  A.  C,  On  the  origin  and  definition  of  the  geologic  term 
"Laramie":  Jour.  Geology,  vol.  15,  pp.  526-540,  1007;  abstract  under 
same  title  in  Am.  Jour.  Sci.,  4th  ser.,  vol.  24,  pp.  18-22, 1907.  ' 
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various  direct  and  collateral  data  which  might 
be  expected  to  afford  some  conclusion  regard- 
ing what  the  term  can  and  can  not  properly 
be  used  to  designate.  ,  This  study  led  Veatch 
to  the  conclusion  that  the  Laramie  PlainS;  and 
more  specifically  the  vicinity  of  the  town  of 
Carbon,  Wyo.,  should  be  considered  as  the 
type  locality  for  the  Laramie.    He  said: 

The  name  '' Laramie"  is  derived  from  the  L<aramie 
Plains,  in  eustem  Wyoming.  As  commonly  used  in  the 
early  seventies,  this  included  the  plains  region  extending 
from  the  Front  Range  to  and  slightly  beyond  the  North 
Platte  River. 

The  most  important  locality  on  the  Laramie  Plains  at 
this  time  was  Carbon,  f  *  *  It  was  the  only  locality 
on  the  Laramie  Plains  where  the  King  Survey  critically 
examined  and  distinctly  delimited  the  Laramie  beds. 

It  was  the  practice  of  the  King  and  Hayden  surveys 
to  name  formations  and  groups  from  localities  where  the 
beds  were  regarded  as  typically  exposed.  While  King 
and  Hayden  did  not  always  definitely  state 'that  a  name 
was  derived  from  a  certain  locality,  the  source  of  the 
name  can  in  all  cases  be  completely  inferred  from  the 
context. 

Veatch  then  proceeded  to  argue  that  if  the 
name  was  derived  from  the  Laramie  PlainSi 
and  if  Carbon  as  the  place  best  known  at  that 
time  is  taken  as  the  type  locality,  it  then 
follows  that  the  term  Laramie  has  been  incor- 
rectly applied  for  all  these  years,  as  it  is  now 
disclosed  that  only  the  beds  above  the  great 
linconformity  are  exposed  in  that  vicinity. 

This  question  has  been  so  thoroughly  re- 
viewed by  Whitman  Cross"  in  his  paper  on 
^'The  Laramie  formation  and  the  Shoshone 
group"  that  the  following  extended  quotation 
is  made: 

As  to  the  origin  of  the  term  Laramie  Mr.  Veatch  points 
out  that  Clarence  King,  who  proposed  the  name  and  de- 
fined its  application,  was  very  careful  in  the  choice  of 
appropriate  geographic  formations.  That  is  undoubtedly 
true  in  a  general  way;  still  King  was  not  working  under 
any  such  rule  as  that  now  prevailing  in  the  United  States 
Geological  Survey.  Much  space  is  given  to  establishing 
by  citations  the  exact  application  of  the  name  Laramie 
Plains  in  the  seventies,  and  to  showing  that  sections  of 
''Laramie*'  beds  examined  by  the  Hayden  and  King 
geologists  were  probably  all  above  the  unconformity  seen 
at  Carbon.  *  *  *  If  the  term  Laramie  had  been  in 
fact  proposed  especially  for  strata  of  the  Laramie  Plains, 
or  even  for  a  formation  known  by  King  and  Hayden  only 
In  the  zone  traversed  by  the  Union  Pacific  Railroad  or 
the  fortieth  parallel  in  Wyoming,  it  is  probable  that  many 
stratigraphers  would  agree  with  the  sweeping  conclusion 
that  "strictly  considered,  the  term  Laramie,  therefore, 
can  appropriately  be  applied  only  to  the  beds  above  the 

«  Washington  Acad.  Scl.  Proc.,  vol.  11,  p.  29, 1909. 


great  unconformity."  *  *  *  But  the  name  was  not 
so  proposed.  It  was  introduced  into  literature  and  de- 
fined by  King  as  a  compromise  term  for  beds  known  to 
be  widely  distributed  from  Montana  to  New  Mexico. 
The  statement  made  by  King  is  very  clear  as  to  the  desire 
of  Hayden  and  himself  to  have  a  name  which  each  could 
use  for  a  great  series  of  supposedly  conformable  beds, 
without  prejudice  as  to  age.  Laramie  was  practically 
proposed  as  a  synonym  for  "Lignitic,**  but  not  as  an  exact 
one,  for  the  term  had  been  very  broadly  used  by  Hayden 
and  others. 

There  is  not  the  slightest  doubt  as  to  the  fundamental 
stratigraphic  relations  which  King  and  Hayden  thought 
characteristic  of  the  Laramie.  In  all  statements  quoted 
and  in  others  which  might  be  cited  the  relation  most 
strongly  emphasized  in  regard  to  the  Laramie  is  its  con- 
formity with  the  underlying  Cretaceous  beds.  King 
believed  the  Laramie  to  be  Cretaceous;  Hayden  thought 
it  transitional  between  Cretaceous  and  Tertiary.  King 
believed  that  Mesozoic  sedimentation  ended  by  reason  of  a 
great  Rocky  Mountain  revolution  and  that  the  Laramie  was 
separated  from  the  lowest  Eocene  beds,  erroneously  sup- 
posed by  him  to  be  the  Wasatch,  by  a  marked  uncon- 
formity.   *    ♦    ♦ 

The  Laramie  of  King's  conception  was  a  natural  strati- 
graphic  unit  with  a  well-defined  base  to  be  found  in  many 
places,  but  with  an  upper  theoretical  limit  which  might 
nowhere  be  represented,  owing  to  the  assumed  pre- 
Tertiary  erosion.  It  was  to  embrace  the  upper  group  of 
conformable  Cretaceous  sediments,  deposited  in  brackish 
or  fresh  waters  during  gradual  continental  uplift. 

The  same  ground  was  taken  by  A.  C.  Peale  ^ 
in  a  paper  published  a  few  months  after  that 
by  Cross.  As  Peale  was  a  member  of  the 
Hayden  Survey  at  the  time  the  Laramie  was 
established  and  was  of  course  familiar  with 
all  the  details  conflected  with  it,  his  testimony 
is  especially  valuable.  Concerning  a  type 
locality  for  Laramie  he  said: 

There  was  no  type  locality  so  far  as  we  [members  of  the 
Hayden  Survey]  were  concerned,  nor  was  there  any  such 
idea  in  the  mind  of  Hayden.  He  proposed  the  name  partly 
because  it  was  a  euphonious  name  and  a  broad  one  as  he 
conceived  it,  the  beds  outcropping  not  only  in  the  Laramie 
Plains  but  also  on  both  sides  of  what  was  then  sometimes 
known  as  the  Laramie  Range  and  also  in  the  vicinity  of 
the  Laramie  River.  It  was  also  proposed  by  him  partly 
out  of  compliment  to  Clarence  King,  who  was  then  working 
in  what  Hayden  termed  the  Laramie  Plains,  he  using  the 
term  in  its  very  broadest  sense  as  reaching  from  the 
Laramie  Range  to  the  Wasatch  Range."*  *  *  *  It 
was  intended  that  the  name  should  cover  aU  localities  in 
which  the  beds  occurred.  If  any  localities  should  be  con- 
sidered as  typical  localities  they  would  be  those  mapped 
by  us  along  the  Front  Range  in  eastern  Colorado  and  by 
King  along  the  range  in  Wyoming.    That  Clarence  King 


*  On  the  application  of  the  term  Laramie:  Am.  Jour.  8d.,  4th  aer., 
vol.  28,  pp.  45-58, 1909. 

M  Of.  Hayden,  F.  V.,  U.  8.  Geol.  Survey  Wyoming  Rept.,  1870,  p. 
121,  1871. 
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had  no  type  localities  of  the  Laramie  Plains  in  his  mind  ia 
also  evident  from  the  fact  that  immediately  following  his 
definition  of  the  Laramie  he  gives  as  localities  of  its  oc- 
currence the  following  in  eastern  Colorado,  just  north  ol 
the  area  in  which  the  Hay  den  Survey  was  at  work: 

Parks  Station,  Colo. 

6  or  7  miles  west  of  Carr's  Station,  Colo. 

West  of  Greeley,  Colo. 

Crow  Creek,  Colo. 

Platteville,  Colo. 

These  were  followed  by  references  to  "good  exposures  of 
Laramie"  east  of  Separation  and  at  other  localities  along 
the  line  of  the  Union  Pacific  Railroad  in  northwestern 
Colorado.  It  is  interesting  to  note  that  Carbon,  Wyo., 
does  not  appear  in  the  list,  and  that  Carr's  Station  is  only 
about  24  miles  east  of  the  lower  end  of  the  Laramie  Hills, 
while  the  other  localities  are  within  short  distances  of  the 
east  and  southeast  of  the  mountains. 

Further  quotations  might  be  made  from  the 
writings  of  King  and  others  in  support  )of  the 
contention  above  made  by  Cross  and  Peale, 
but  they  are  hardly  necessary,  as  it  would  seem 
to  be  established  beyond  reasonable  question 
that  no  type  section  was  named  or  intended 
for  the  Laramie,  and  it  is  still  clearer  that  it  was 
not  intended  to  make  Carbon  and  the  Laramie 
Plains  such  a  locality.  It  has  been  contended 
by  some  geologists  that  the  original  delimita- 
tion of  the  Arapahoe  and  Denver  formations 


from  the  supposedly  continuous  Laramie  sec- 
tion constituted  a  virtual  redefinition  of  the 
Laramie,  but  this  ground  does  not  seem  well 
taken,  for  the  essential  part  of  King's  defini- 
tion— namely,  that  it  is  the  uppermost  member 
of  the  conformable  Cretaceous  series  above 
the  Fox  Hills — is  maintained.  This  view  was 
further  emphasized  by  Cross,*®  who  said: 

Although  the  Laramie  was  simple  in  its  essential  defini- 
tion and  conception,  the  strata  referred  to  it  included 
local  deposits  as  well  as  those  of  wide  distribution,  and 
knowledge  concerning  some  of  these  beds  was  very  meager 
and  untrustworthy  when  the  group  was  established.  It 
IB  a  most  natural  result  of  detailed  studies  during  the 
last  30  years  that  several  formations  at  the  top  of  the  group 
assumed  to  have  the  relations  embodied  in  King's  defini- 
tion have  been  found  to  possess  other  relations.  But 
there  is  still  a  large  formation  answering  to  the  fundamental 
part  of  King's  definition,  and  to  such  beds  it  seems  to 
me  both  natural  and  most  expedient  to  apply  the  term 
Laramie  in  future.  In  the  Laramie  Plains  there  are, 
according  to  Veatch,  6,500  feet  of  conformable  Cretaceous 
beds  above  the  Montana  strata  and  below  the  break  at  the 
base  of  the  Carbon  beds.  The  geographic  term  is  thus 
still  appropriate,  even  if  the  Carbon  section  be  excluded 
from  the  Laramie.  The  term  has  now  been  so  widely 
applied  and  for  such  a  long  time  that  it  appears  unwise 
to  drop  it,  even  if  there  should  be  proved  to  be  no  true 
Laramie  beds  on  the  I^aramie  Plains. 

M  Cross,  Whitman,  The  Laramie  formation  and  the  Shoshone  group: 
Washington  Acad.  Scl.  Proc.,  vol.  11,  p.  31,  1900. 


Part  IL  GEOLOGIC  RELATIONS  AND 

DENVER 


FLORA  OF  THE  LARAMIE  OF  THE 
BASIN. 


LITHOLOGIC  AND  STRATIGRAPHIC  RELATIONS. 

It  is  not  my  intention  in  the  present  con- 
nection to  attempt  a  complete  exposition  of 
the  lithology  and  stratigraphic  relations  of  the 
Laramie  in  this  area  but  simply  to  give  enough 
of  this  history  to  serve  as  a  setting  for  the 
paleobotanic  data.  One  wishing  to  go  thor- 
oughly into  this  phase  of  the  subject  should 
consult  the  monograph  on  the  geology  of  the 
Denver  Basin,**  from  which  much  of  Uie  fol- 
lowing brief  account  is  condensed. 

With  the  exception  of  a  narrow  belt  along 
the  foothills  which  is  occupied  by  older  for- 
mations, practically  the  entire  Denver  Basin 
is  presumably  underlain  by  the  Laramie.  As 
a  surface  formation  it  is  confined  chiefly  to  the 
northern  portion  of  the  basin  and  to  a  very 
narrow  strip  parallel  with  the  foothills  and  at 
a  distance  from  them  of  1  or  2  miles.  In  this 
narrow  belt  the  formation  crops  out  in  detached 
areas  separated  by  overlapping  deposits  and 
extends  from  a  point  a  few  miles  north  of 
Denver  to  the  vicinity  of  Colorado  Springs. 
The  beds  are  steeply  tilted  eastward  along 
the  foothills,  but  the  dip  becomes  less  toward 
the  east,  and  in  the  central  part  of  the  basin, 
where  the  beds  lie  almost  flat,  the  Laramie  is 
covered  by  the  Arapahoe)  Denver,  and  Dawson 
formations. 

The  Laramie  is  the  yoimgest  Cretaceous  for- 
mation in  the  Colorado  Front  Range  region. 
It  rests  conformably  on  the  Fox  Hills  sand- 
stone, from  which  it  is  distinguished  where 
in  continuous  outcrop  by  its  lighter  color  and 
the  presence  in  the  topmost  layer  of  the  Fox 
Hills  of  numerous  marine  invertebrates.'*  In 
this  area  the  Laramie  was  reported  by  the 
authors  of  the  Denver  Basin  monograph  to 
range  in  thickness  between  600  and  1,200  feet, 
and  Richardson,  in  the  Castle  Rock  folio, 
reports  a  thickness  of  1,200  feet  in  the  foothill 

n  Emmons,  8.  F.,  Cross,  Whitman,  and  Eldiidge,  O.  H.,  U.  8.  Geol. 
Survey  Mon.  27, 1896. 

M  It  was  stated  by  Eldridge  that  none  of  these  invertebrates  were 
known  to  pass  into  the  Laramie,  but  according  to  Henderson  (p.  87)  at 
least  two  brackish-water  species  (Ottrea  glabra  and  J/elanfo  vyom<n9- 
eiwif)  are  now  found  to  be  conunon  to  the  contiguous  portions  of  both 
formations. 


region  to  the  south  of  Denver.  Near  Colorado 
Springs,  the  southernmost  pomt  at  which  the 
Laramie  is  recognized,  the  thickness  is  reduced 
to  less  than  400  feet. 

According  to  Eldridge  the  Laramie  is  '^  divisi- 
ble into  two  parts,  a  lower  of  sandstone  and 
an  upper  composed  of  clay.  The  former  has  a 
imiform  thickness  of  about  200  feet;  the  latter 
varies.'^*' 

In  the  lower  division  there  are  three  per- 
sistent beds  of  sandstone,  two  of  which  occur 
at  the  base  and  have  a  thickness  of  approxi- 
mately 60  feet,  while  the  upper  one  has  a 
thickness  of  8  or  10  feet. 

The  intervening  ones  not  only  disappear  but  vary  in  the 
horizon  at  which  they  occur.  The  coal  beds  also  vary, 
one  of  several  seams  being  workable  at  one  locality  and  an- 
other in  another. 

The  sandstones  are  white  and  are  composed  almost  ex- 
clusively of  quartz,  clear  and  opaque  white.  The  material 
is  soinewhat  loosely  held  together  by  cement,  usually  white 
but  occasionally  tinged  brown  by  iron  oxide. 

In  the  upper  division  the  thickness, 

owing  to  uneven  denudation  from  the  top,  varies  between 
400  $nd  1,000  feet.  The  strata  are  chiefly  clays,  through 
which  are  dlstrtbuted  small  lenticular  bodies  of  sandstone, 
innumerable  concretionary  ironstones  from  2  to  4  feet  in 
diameter,  and  narrow  local  seams  of  impure  llgnitic 
material.  One  <»  two  ^eds  of  lignite  are  also  present  in  its 
upper  portion  east  of  Denver. 

The  interpretation  embodied  in  this  quota- 
tion was  generally  accepted  prior  to  1915,  and 
the  coal  formerly  mined  at  Scranton,  Colo.,  was 
believed  to  be  in  the  upper  division  of  the 
Laramie.  In  recent  years  certain  fossil  plants 
were  collected  near  beds  of  coal  which  are  sup- 
posed to  be  the  same  as  the  Scranton  coals. 
These  plants  indicate  Tertiary  rather  than 
Cretaceous  age. 

«  This  division  into  » lower  uid  apper  pwt  hM  been  interpreted  by 
some  Bs  comparable  to  the  use  of  "Lower  Laramie"  and  "Upper  Lank 
mie".  by  Veatch  In  describing  the  section  in  Carbon  Coonty  Wyo., 
but  a  careAil  reading  of  Eldridge's  context  shows  clearly  that  no  such 
separatioh  was  implied  or  intended.  I  am  informed  by  Mr .  Cross,  the 
only  surviving  author  of  the  Denver  monograph,  that  these  divisions 
were  made  simply  to  show  that  the  lower  part  is  made  op  prevailingly 
of  sandstones  and  the  upper  part  of  days.  There  is  not  the  slightest 
known  evidence  of  an  unconformity  between  them,  and  no  stratigraphie 
or  formational  Importance  Is  to  be  attached  to  this  use  of  "lower"  and 
"upper." 
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During  the  summer  of  1915  W.  T.  Lee  ob- 
tained evidence  that  the  Scranton  coal  beds 
are  in  the  Denver  formation  rather  than  in  an 
upper  division  of  the  Laramie.  He  obtained 
the  record  of  a  well  put  down  near  Sable  station, 
on  the  Union  Pacific  Railroad  east  of  Denver 
and  a  few  miles  west  of  Scranton.  This  well 
is  more  than  3,000  feet  deep  and  penetrated  the 
Scranton  coal  beds,  the  Arapahoe  conglomerate, 
the  Laramie  formation,  the  Fox  Hills  sandstone, 
and  nearly  1,500  feet  of  the  underlying  shale. 
The  record  seems  to  establish  the  following 
relations  :•* 

1.  The  coal  beds  of  the  so-called  upper  divi- 
sion of  the  Laramie  occur  in  the  Denver  forma- 
tion 200  to  450  feet  above  the  top  of  the 
Laramie. 

2.  At  this  point  the  Arapahoe  conglomerate 
is  50  feet  thick. 

3.  The  Laramie  formation  is  here  700  feet 
thick  with  one  thick  bed  of  coal  at  the  base. 

4.  The  sandstone  which  underUes  the  Lara- 
mie coal  and  which  presumably  represents  the 
so-called  basal  sandstone  of  the  Laramie  and 
the  sandstone  at  the  top  of  the  Fox  Hills  is 
here  only  160  feet  thick. 

5.  Below  this  Fox  Hills  sandstone  the  upper 
part  of  the  sandy  f ossilif erous  shale  may  be  of 
Fox  Hills  age,  but  there  seems  to  be  no  way  of 
distinguishing  this  part  from  the  Pierre  shale. 

ANIMAL  LIFE  OF  LARAMIE  TIME  IN  THE  DENVER 

BASIN. 

VXBTEBBATES. 

Jf  we  are  to  judge  from  the  remains  that  have 
thus  far  been  brought  to  light,  animal  life  of  all 
kinds  was  exceedingly  rare  in  the  Denver  Basin 
during  Laramie  time.     So  far  as  I  know  only  a 

M  In  a  personal  oommunicatlon  Lee  states  that  the  written  log  of  the 
upper  part  of  this  well  to  a  depth  of  1,300  feet  could  not  be  obtained,  but 
that  the  recx>rd  of  the  beds  below  this  depth  is  copied  from  the  driller's 
notes.  The  upper  part  of  the  record  is  based  on  the  Independently 
procured  statements  of  the  driller  and  two  other  men  who  were 
sufficiently  interested  to  keep  themselves  constantly  informed  of  the 
progress  of  the  well.  The  testimony  of  these  three  men  agreed  in  all 
essential  points.  They  were  questioned  particularly  in  reference  to 
the  Scranton  coals  and  the  conglomerate.  The  position  of  the  beds  of 
coal  can  not  be  reasonably  doubted,  as  they  crop  out  east  of  the  well  and 
are  reported  from  numerous  water  wells  in  the  vicinity  of  Sable.  The 
xonglomerate  was  described  as  consisting  of  pebbles  of  "quartz,  flint, 
black  diamonds/'  etc.,  the  largest  an  indi  or  more  in  diametor.  Some 
of  the  pebbles  described  as  ''black  diamonds"  had  been  preserved  and 
appear  to  constat  of  black  chert.  In  rinponse  to  a  query  as  to  the  number 
of  tb<  pebbles  the  statement  was  made  that  "busheb  of  them  came  out." 
Lee  afterward  visited  the  locality  near  Morrison  where  these  beds  crop 
out  and  found  that  the  driller's  description  corresponded  very  closely 
with  the  beds  as  they  are  exposed  at  the  surface.  All  things  considered, 
the  log, seems  to  be  as  well  authenticated  as  the  average  driller's  record. 


single  fragment  of  a  vertebrate  has  been  re- 
ported from  beds  supposed  to  be  of  Laramie 
age  within  this  area.  The  occurrence  of  this 
specimen  was  described  as  follows  by  G.  H. 
Eldridge:** 

The  vertebrate,  according  to  Prof.  Manh,  belongs  to  the 
order  Omithopoda  of  the  subclass  Dinosauria.  The  genus 
is  undetermined.  The  specimen  was  found  by  a  ranch- 
man about  30  feet  below  the  surface,  in  a  well  sunk  through 
the  upper  Laramie  strata,  on  the  slopes  of  Dry  Creek, 
about  8  miles  southwest  of  the  town  of  Brighton. 

This  locality  is  apparently  about  10  miles 
due  north  of  Denver  and  according  to  the 
geologic  map  accompanying  the  Denver  Basin 
monograph  should  fall  within  an  area  indicated 
as  Laramie.  The  beds  were  thought  by  Eld- 
ridge  to  represent  the  upper  part  of  the  Laramie, 
but  in  the  light  of  the  results  obtained  by  Lee 
(p.  103)  only  a  few  miles  east  of  this  Dry  Creek 
locality,  it  seems  more  than  probable  that  this 
supposed  upper  Laramie  belongs  to  the  Denver 
formation,  in  which  case  the  bone  came  either 
from  the  Denver  or  the  Arapahoe.  A  depth  of 
only  30  feet  below  the  surface  would  certainly 
not  reach  the  Laramie  and  would  probably 
place  it  in  the  Arapahoe,  which  is  well  known  to 
contain  vertebrate  remains.  Thus,  to  the  un- 
certainty of  the  biologic  interpretation  of  this 
fragment  is  added  the  indefiniteness  of  its 
.stratigraphic  position,  and  it  can  be  dismissed 
as  absolutely  without  value. 

mVSSTBBSATES. 

The  only  remains  of  invertebrates  recorded 
from  the  Laramie  of  the  Denver  Basin  by 
Eldridge  ^  are  Ostrea  glabra  and  Unio  sp.  ?, 
determined  by  C.  A.  White.  Eldridge  said: 
"The  occurrence  of  Ostrea  glabra  is  general  for 
the  field  and  always  at  the  same  horizon,  a 
short  distance  above  the  basal  sandstones  of 
the  formation." 

Beds  held  to  be  of  true  Laramie  age  have 
been  found  in  the  valley  of  Crow  Creek,  which 
is  about  25  miles  east  of  Greeley  and  between 
40  and  50  miles  north  a  little  east  of  Denver, 
outside  the  strict  limits  of  the  Denver  Basin 
as  accepted  in  the  Denver  monograph.  This 
region  was  visited  by  C.  A.  White  •^  in  1877, 
while  he  was  attached  to  the  Hayden  Survey. 

»  V.  S.  Geol.  Survey  Hon.  27,  p.  77, 1896. 
••  op.  dt.,  p.  78. 

^  Report  on  paleontological  field  work  for  the  season  of  1877:  U.  8. 
Geol.  and  Oeog.  Survey  Terr.  Eleventh  Ann.  Kept.,  pp.  163-175, 1879. 
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He  wrote   as  follows  concerning  the  stratig- 
raphy and  paleontology: 

In  this  valley,  as  in  all  the  plains  reg;ion  round  about » 
the  expoeures  of  strata  are  not  only  few,  but  none  of  them 
are  extensive.  The  most  southerly  exposure  is  about  10 
miles  from  the  mouth  of  the  creek,  and  here  I  again  rec- 
ognized the  oyster  horizon,  which  has  been  mentioned 
twice  before.  The  species  mentioned  before  were  found 
abundantly  here,  and  many  other  moUuscan  species 
besides,  in  associated  layers.  I  traced  this  fossiliferous 
horizon  northward  for  a  distance  of  6  or  6  miles  above  the 
point  where  I  first  discovered  it  and  found  it  to  occupy 
nearly  a  uniform  height  above  the  level  of  the  creek. 
The  exposures  are  in  the  face  of  the  low  sloping  hills  that 
border  the  east  side  of  the  valley  and  are  distant  from  the 
creek  only  from  a  few  hundred  feet  to  half  a  mile. 

The  full  section  of  the  strata  constituting  the  valley 
side  here  was  quite  clearly  ascertained,  although  the 
debris  which  prevails  upon  the  plains  has  so  obscured  them 
in  most  places,  even  on  the  slope,  that  they  were  not 
all  observable  at  any  one  point.  The  following  is  a 
record  of  the  section  as  ascertained  by  measurements  at 
several  different  points  within  the  few  miles  that  they 
were  foi3md  exposed,  as  before  stated: 

Crow  Creek  section. 

Feet. 

1.  Sandy  soil  or  debris  of  the  plains 10 

2.  Grayish  siliceous  marl ;  5 

3.  Sandy  and  calcareous  layers;  with   Corbutd, 

etc 3 

4.  Soft  sandy  and   argillaceous   material;   with 

Ostrea  and  Anomia 5 

5.  Arenaceous    rock,     somewhat    concretionary; 

with  numerous  fresh- water  forms 2 

6.  Arenaceous  marly  strata 20 

7.  Carbonaceous  shale 6 

8.  Gray  siliceous  marl 6 

9.  Carbonaceous  shale 3 

10.  Gray  siliceous  marl 25 

11.  Unexposed  to  the  surface  of  the  creek 5 

No.  1  is  the  prevailing  debris  of  the  plains,  which  at  top 
constitutes  the  sandy  soil. 

No  fossils  were  found  in  No.  2,  but  it  is  evidently  a 
part  of  a  continuous  deposit  with  those  beneath.    *    *    * 

The  following  is  a  list  of  the  fossils  obtained  from  the 
different  members  of  this  section: 

List  offossilafrom  the  valley  of  Crow  Creek,  Colo, 

1.  Anomia  micronema  Meek. 

2.  Anomia  gryphorhynchus  Meek. 

3.  Ostrea  glabra  Meek  and  Hay  den. 

4.  Volsella  (Brachydontes)  regularis  White. 

5.  Anodonta  parallela  White. 

6.  Unio ? 

7.  Corbicula  clebumi  White. 

8.  Corbicula  obesa  White. 

9.  Corbicula  cardiniaeformis  White. 

10.  Corbicula  (Leptesthes)  subelliptica  Meek  and 

Hayden. 

11.  Corbicula  (Leptesthes)  fracta  Meek. 

12.  Corbicula  (Leptesthes)  macropistha  White. 


List  offo$9els/rom  the  valley  of  Croto  Creek,  Colo. — Contd. 

13.  Corbicula  (Leptesthes)  planumbona  Meek 

14.  Corbula  subtrigonalis  Meek  and  Hayden. 

15.  Bulinus  disjunctus  White. 

16.  Bulinus  subelongatus  Meek  and  Hayden. 

17.  Physa  felix  White. 

18.  Goniobasis  gracilienta  Meek  and  Hayden. 

19.  Goniobasis  nebrascensis  Meek  and  Hayden. 

20.  Melania  wyomingensis  Meek. 

21.  Viviparus  prudentia  White. 

22.  Tulotoma  thompsoni  White. 

23.  Campeloma  multistriata  Meek  and  Hayden. 

24.  Corydalites  fecundum  Scudder. 


At  a  point  about  18  miles  east  of  Greeley  I  found  the 
uppermost  strata  of  the  Fox  Hills  group  in  the  south 
valley  side  of  South  Platte  River,  and  from  that  point  to 
about  6  miles  farther  eastward  I  continued  to  see  small 
exposures  of  the  same,  most  of  which  were  obscure.  I 
however  recognized  about  20  feet  in  thickness  of  strata, 
and  the  fossils,  which  were  few  and  imperfect,  were  quite 
sufficient  to  indicate  an  exact  equivalency  of  the  strata 
containing  them  with  those  of  the  upper  part  of  the  sec- 
tion at  the  mouth  of  the  St.  Vrains.  Besides  these  few 
characteristic  invertebrate  fossils,  I  also  found  fragments 
of  the  fucoid  HalymeniUs  major  in  one  of  the  upper  layers. 
The  known  general  dip  of  the  strata  of  all  that  region 
makes  it  practically  certain  that  the  Cretaceous  strata  pass 
beneath  the  level  of  the  streams  along  a  northward  and 
southward  line  which  may  be  drawn  a  couple  of  miles 
west  of  Greeley;  that  they  receive  a  greater  or  less  thick- 
ness of  Laramie  strata  upon  them  beneath  the  debris  of 
the  plains.  Then  a  gentle  rise  brings  them  up  again  to 
view  in  the  valley  of  South  Platte  River,  from  18  to  25 
miles  east  of  Greeley,  as  already  mentioned.  They  seem 
then  to  pass  again  by  a  gentle  easterly  dip  beneath  the 
surface  of  the  river,  but  I  did  not  trace  them  farther,  as 
my  journey  led  up  the  valley  of  Bijou  Creek.  It  is  prob- 
able, however,  that  the  exposures  of  these  uppermost  of 
the  Fox  Hills  strata  continue  at  the  surface  farther  down 
the  South  Platte,  in  its  immediate  valley.  Between 
Greeley  and  the  point  where  these  Cretaceous  strata  are 
exposed  the  space  is  no  doubt  occupied  by  at  least  a  small 
portion  of  the  strata  of  the  Laramie  group,  which  are 
covered  with  the  debris  of  the  plains,  but  I  found  no 
exposiures  of  Laramie  strata  until  I  reached  the  valley  of 
Bijou  Creek,  about  12  miles  above  its  mouth.    *    *    * 

From  the  valley  of  Bijou  Creek  my  investigations  led 
me  southwestward  to  Cherry  Creek  Plateau,  during  which 
I  psMsed  over  the  higher  strata  of  the  Laramie  group, 
which  come  in  the  series  between  those  that  I  found 
exposed  near  Bijou  Station  and  the  sandstones  of  the 
Moniunent  Creek  group  that  constitute  the  plateau.  I 
found  no  fossils  of  any  kind  in  these  higher  Laramie  strata 
except  silicified  wood,  which  in  some  places  was  quite 
plentiful.  It  is  possible  that  certain  layers  in  thia  por- 
tion of  the  Laramie  group  contain  invertebrate  fossils,  but 
the  whole  series  in  this  region  above  the  horizon  of  the 
fossiliferous  layers  of  the  Crow  Creek  and  Bijou  Creek 
sections  is  apparently  destitute  of  invertebrate  remains. 

The  whole  thickness  of  Laramie  strata  which  I  thus 
passed  over,  from  the  uppermost  layers  o*  ***'•  ''''"'  tkiu 
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group  in  the  valley  of  South  Platte  River  to  the  base  of 
the  Monument  Greek  group  on  Cherry  Creek  Plateau,  is 
estimated  at  about  1,800  feet.  So  far  as  I  could  discover, 
only  about  the  lower  200  or  250  feet  of  this  series  is  known 
to  contain  invertebrate  fossils;  and  the  lower  700  or  800 
feet  appears  also  to  contain  all  the  coal  of  the  Laramie 
group  in  this  r^on. 

This  area  was  visited  by  T.  W.  Stanton  and 
me  in,  1896,^  and  the  thickest  section  found 
showed  the  invertebrates  and  plants  through  a 
distance  of  only  40  or  50  feet.  The  beds  under- 
lying the  Laramie  were  at  no  place  disclosed. 

In  this  connection  inquiry  was  made  of  Prof. 
Junius  Henderson,  of  the  University  of  Colo- 
rado, who  is  known  to  have  on  extensive  knowl- 
edge of  the  geology  of  northeastern  Colorado. 
In  a  letter  to  me  Prof.  Henderson  states  that 
after  a  very  thorough  exploration  of  this  region 
he  has  not  been  able  to  fibc  the  thickness  of  the 
Laramie  section  in  this  area  with  any  degree 
of  positiveness.  He  says:  ''On  the  whole  I 
have  no  evidence  that  would  show  more  than 
100  feet  of  Laramie  around  Crow  Creek,  but 
my  impression  is  that  it  is  a  little  more." 

It  appears  to  have  been  thought  by  those 
who  had  previously  visited  this  area  that  there 
was  probably  a  considerable  thickness  of 
Laramie  beds  both  beneath  and  above  the 
Crow  Creek  exposures  and,  further,  that  these 
exposures  should  hold  a  position  relatively  high 
in  the  full  Laramie  section,  as  would  naturally 
be  inferred  from  their  location  far  out  on  the 
plains  and  away  from  the  mountains  against 
which  the  Laramie  is  so  steeply  upturned. 
This  view  also  finds  some  confinnation  in  the 
fact  that  only  one  of  the  species  of  inverte- 
brates (Ostrea  glabra)  common  on  Crow  Creek 
is  known  to  occur  in  the  Laramie  of  the  Denver 
Basin.  This  was  the  view  at  first  entertained 
by  Prof.  Henderson,  but  he  states  that  his 
faith  in  the  high  position  of  the  deposits  on 
Crow  Creek  was  shaken  by  the  "  finding  of  Fox 
Hills  strata  in  geographically  high  positions  on 
the  divides  and  in  the  ravines  far  out  from  the 
moimtains  and  in  some  instances  unquestion- 
ably not  far  below  fossiliferous  beds  of  the 
Laramie." 

Continuing,  he  says : 

In  the  irregular  cross-bedded  sandstone  on  top  of  Wild- 
cat Mound  northwest  of  Platteville,  within  40  feet  of  the 
Fox  Hills  sandstone,   I  found  a  thick  bed  containing 

M  Stanton,  T.  W.,  and  Knowlton,  F.  H.,  Stratigraphy  and  paleon- 
tology of  the  Laramie  and  related  formations  in  Wyoming:  Geol.  Soc. 
America  Bull.,  vol.  8,  p.  151, 1807. 


great  quantities  of  0$trea  glabra,  with  a  few  specimens 
which  I  have  identified  as  Corbicula  cUhiumi  White,  C. 
fracta  Meek,  C.  micropistha  White,  and  Anomia  micrO' 
nema.  They  were  not  very  well  preserved,  but  cer- 
tainly they  are  correctly  determined  generically  and  I 
believe  also  specifically.  The  shales  intervening  between 
this  stratum  and  the  topmost  sandstone  of  the  Fox  Hills 
is  doubtless  the  same  as  that  found  between  the  Fox 
Hills  and  the  coal  beds  at  Windsor  and  elsewhere,  but  I 
have  never  been  able  to  find  any  determinative  fossils 
or  ascertain  whether  or  not  it  is  marine.  At  Wildcat 
Mound  Halymenius  major  occurs  in  both  the  marine  and 
the  Corbicula  beds. 

Ooing  northward  from  Wildcat  Moxmd  to  Milliken  the 
upper  Fox  Hills  sandstone  thins  out  very  much  and  is 
overlain  by  shales.  From  100  to  150  feet  up  in  the  shale 
is  a  coal  vein,  but  no  fossils  were  found  in  this  shale. 

I  also  failed  to  find  the  Ostrea-Corbicula  sandstone  at 
Windsor,  where  the  exposure  of  the  strata  overlying  the 
uppermost  sandstone  of  the  Fox  Hills  is  almost  complete 
for  a  long  distance,  or  at  Indian  Spring  mine,  north  of 
Wellington,  where  such  a  sandstone  if  present  would  show 
in  the  slope  between  this  sandstone  and  the  coal. 

Throughout  the  Crow  Creek  district,  eastward  to  Wild- 
cat Creek  and  Cottonwood  Spring,  I  alwa3rs  found  Cor- 
biculas,  etc.,  in  contact  with  or  beneath  the  lowest  coal. 
On  the  divide  some  miles  east  of  Crow  Creek,  near  Greaee- 
wood  Lake,  southeast  of  Osgood  post  office,  I  found  Fox 
Hills  strata  yielding  Lunatia,  Tellina,  Cardiuni,  Denta- 
liumj  Mattra,  Nucula,  Baroda,  and  Halymenitei.  Almost 
anywhere  to  the  east,  west,  northeast,  and  north  of  Os- 
good Oitrea  glabra  and  various  species  of  Corbicula  may 
be  found,  with  coal  seams,  some  of  the  fossiliferous  beds 
being  siurely  not  many  feet  above  the  marine  Fox  Hills 
strata  just  mentioned. 

At  Cottonwood  Springs,  some  15  miles  northeast  of 
Orchard,  I  found  a  4-foot  bed  of  shale  containing  Oitrea 
glabra,  Anomia  micronema,  Corbicula  debumi,  C.  fraeia, 
Corbula  subtrigonalis,  and  Melania  wycmingentiM.  Thirty 
feet  of  shales  immediately  underlying  this  bed  jrielded 
Nucula,  Baroda,  Cardium  spedosum,  and  Turriullaf 

I  found  Fox  Hills  strata  again  well  up  the  west  valley 
slope  of  Wildcat  Creek,  north  of  Fort  Morgan.  There  I 
found  Vaniella  humilis  and  Pholadomya  subvcntrux>9a, 
which  usually  are  found  at  the  base  of  and  below  the 
uppermost  Fox  Hills  sandstone,  together  with  Tellina 
scitvUa  and  Ludna  sp.  I  found  Fox  Hills  marine  fossils 
in  the  bluffs  and  slopes  of  the  South  Platte  Valley' as  far 
out  as  Canton,  Weldon,  and  Messex. 

From  all  the  evidence  now  at  hand  I  can  not  see  how 
the  lowest  fossil  horizon  at  Crow  Creek  can  be,  at  most, 
more  than  50  to  100  feet  above  the  Fox  Hills  marine 
strata. 

A  critical  analysis  of  the  geographic  and 
stratigraphic  range  of  these  Crow  Creek  inver- 
tebrates would  be  of  considerable  interest,  but 
this  is  outside  of  ~my  knowledge  or  the  scope  of 
the  present  report.  I  may  simply  note  in  pass- 
ing that  it  appears  to  have  been  demonstrated 
that  certain  of  the  species  present  at  Crow 
Creek  have  a  very  considerable  vertical  range, 
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occurring  in  the  Claggett  and  Judith  River  for- 
mations of  Montana,  the  Belly  River  of  Canada, 
the  * 'Lower  Laramie"  of  Carbon  County,  Wyo., 
the  ** Laramie '^  of .  Black  Buttes^  Wyo.,  the 
Mesaverde  of  Routt  County,  Colo.,  and  of  the 
Grand  Mesa  of  northwestern  Colorado,  the 
Montana  of  the  San  Juan  Basin,  and  other  for- 
mations. Prof.  Henderson,  in  the  letter  above 
mentioned,  has  the  following  to  say  regarding 
two  of  the  species : 

One  of  the  most  abundant  foestla  on  the  east  side  of  Crow 
Creek  valley  and  thence  well  out  on  the  divide  to  the  east 
for  miles  is  Ostrea  glabra,  which  is  also  abundant  in  the 
Boulder  district  and  in  many  places  occurs  in  the  Fox 
Hills  beds  as  well  as  low  in  the  Laramie.  MeUmia  wyo- 
mingensis  also  occurs  4  miles  east  of  Boulder,  in  marine 
Fox  Hills  strata,  though  smaller  than  the  exceedingly  large 
specimens  on  the  east  side  of  Crow  Creek. 

AMBER  IN  THE  LARAMIE  OF  THE  DENVER 

BASIN. 

Amber  in  minute  quantities  has  long  been 
known  to  be  rather  widely  distributed  in  cer- 
tain Upper  Cretaceous  strata  of  the  eastern 
United  States,**  but  so  far  as  known  to  me  it 
appears  to  be  of  extremely  rare  occurrence  in 
other  parts  of  North  America.     A  small  quan- 

»  Hollick,  Arthur,  The  occurrence  and  origin  of  amber  in  the  eastern 
United  States:  Am.  Naturalist,  vol.  99,  p.  137,  1905.  Berry,  E.  W., 
Coastal  Plain  amber:  Torreya,  vol.  7,  p.  4, 1907.  Knowlton,  F.  H.,  An 
American  amber-producing  tree:  Science,  new  ser.,  vol.  3,  p.  582, 1896. 


tity  from  the  Laramie  at  Marshall,  Boulder 
County,  Colo.,  has  recently  been  reported  by 
T.  D.  A,  CockerelL*  Concerning  it  he  wrote 
as  follows : 

This  locality  produces  much  of  the  coal  used  in  Boulder 
and  has  long  been  known  to  paleobotanists,  having  fur- 
nished important  materials  to  Lesquereux  many  years  ago. 
Perhaps  the  most  interesting  thing  found  was  a  small  piece 
of  amber  embedded  in  the  solid  rock.  It  measures  about 
8  millimeters  by  5.5  millimeters  and  is  translucent  orange- 
brown,  darker  than  Baltic  amber.  It  is  practically  insolu- 
ble in  alcohol;  a  small  fragment  left  in  it  over  night  was 
scarcely  if  at  all  diminished.  In  ether  it  eventually  be- 
comes opaque  and  friable. 

In  a  footnote  Cockerell  states  that  ''since  the 
above  was  written  we  have  found  quantities  of 
amber  in  the  coal  at  Marshall.  None  of  the 
pieces  is  of  large  size. ' '  The  amber  was  searched 
for  included  insects,  but  so  far  without  success. 

The  well-known  Baltic  or  typical  amber  is  the 
product  of  a  coniferous  tree,  but  coniferous 
remains  are  of  extremely  rare  occurrence  in  the 
plant  beds  at  Marshall,  and  it  is  quite  impossible 
with  the  data  at  present  available  to  ascertain 
the  plant  that  produced  the  amber  found  there. 
As  Cockrell  stated,  ''Judging  from  the  accom- 
panying foliage,  it  is  very  probably  not  even 
the  product  of  a  conifer." 

1  Amber  in  the  Laramie  Cretaceous:  Torreya,  vol.  9,  p.  140, 1909. 
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LOCAL  DISTRIBUTION  OF  THE  FLORA. 

Before  proceeding  to  the  discussion  of  the 
geologic^  biologic,  and  ecologic  relations  of  the 
Laramie  flora  comprised  in  the  present  work, 
it  may  be  of  some  interest  to  enimierate  the 
several  localities  together  with  the  forms  found 
at  each  place.  The  first  Laramie  plants  made 
known  to  science  were  named  and  described 
by  Leo  Lesquereux.*  They  are  given  in  the 
first  of  the  following  lists. 

Marshall's  mine,  Marshall,  Boulder  County,  Cold.: 

Lygodium  compactum  Lesquereux. 

Juglans  rugoea  Lesquereux. 

Quercuii  chlorophyUa  Unger. 

Quercus  lyelli  Heer. 

Cinnamomum  affine  Lesquereux. 

Acer,  fruit  of. 

Acer,  leaves  of. 

Rhamnus  salidfoUus  Lesquereux. 

Comus  inoompletus  I<<eequereux. 

Echitonium  sophiae. 

Phyllites  sulcatum  Lesquereux. 
Marshall's  mine,  Marshall,  Colo.;  collected  by  N.  L. 
Britton  for  J.  S.  Newberry,  about  1884:    * 

Sequoia  acuminata?  Lesquereux. 

Caipites  marshallensis  Knowlton,  n.  sp. 

Juglans  praerugoea  Knowlton,  n.  sp. 

Ficus  coloiadensis  Cockerell. 

Flcus  navicularis  Cockerell. 

Ficus  planicostata  Lesquereux. 

Cinnamomum  affine  Lesquereux. 

Aristolochia  brittoni  Knowlton,  n.  sp. 

Dombeyopsis  ovata  Knowlton,  n.  sp. 

Phyllites  marshallensis  Knowlton,  n.  sp. 
Railway  cut  between  old  and  new  stations,  Marshall, 
Colo.;  collected  by  A.  C.  Pe^le,  1908: 

Hicoria  angulata  Knowlton,  n.  sp. 

Hicoria  minutula  Knowlton,  n.  sp. 

Ficus  impressa  Knowlton,  n.  sp. 

Rhamnus  salicifolius  Lesquereux. 

Zizjrphus  minimus  Knowlton,  n.  sp. 

Mimosites  marshallensis  Knowlton,  n.  sp. 

Dombeyopsis  obtusa  Lesquereux. 
Dump  of  old  Marshall  mine,  Marshall,  Colo.;  collected 
by  A.  C.  Peale,  1908: 

Ficus  impressa?  Knowlton. 


<  (Notes  on  fossil  plants  from  Rock  Creek,  etc.):  Am.  Jour.  Sd.,  ad 
ser.,  vol.  46,  p.  206,  1868;  copied  in  Hayden,  F.  V.,  U.  S.  Oeol.  Survey 
Terr.  [Third]  Ann.  Kept.,  p.  96, 1809  (reprint,  p.  196, 1873.] 
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Dump  of  mine  at  west  end  of  wooded  bluff  juBt  south  of 
Marshall,  Colo.;  collected  by  A.  C.  Peale,  1908: 

Ficus  arenacea  Lesquereux. 

Ficus  impressa?  Knowlton. 

Dombeyopsis  obtusa  Lesquereux. 
Marshall,  Colo.,  railway  cut  at  junction  of  Eldorado 
Springs  branch  of  Colorado  Southern  Railroad: 

Cyperacites,  fragment. 

Rhamnus  salicifolius  Lesquereux. 
Marshall,  Colo.,  west  of  wooded  bluff  just  south  of  the 
town  and  above  coal  in  an  old  opening;  collected  by  A.  C. 
Peale,  1908: 

Ficus  cockerelli  Knowlton,  n.  sp. 

Ficus  coloradensis?  Cockerell. 

Cinnamomum  affine  Lesquereux. 

Palm,  gen.  and  sp.? 
Marshall,  Colo.,  half  a  mile  south  of  railway  station  and 
in  first  draw  north  of  white  sandstone  bluff,  just  above 
highest  coal  of  the  region;  collected  by  F.  H.  Knowlton, 
1908: 

Sequoia  longifolia  Lesquereux. 

Ficus  coloradensis?  Cockerell. 

Ficus  planicostata  magnifolia  n.  var. 

Ficus?  impressa  Knowlton,  n.  sp. 

Artocarpus  lessigii  (Lesquereux)  Knowlton. 

Cassia  laramiensis  Knowlton,  n.  sp. 
Marshall,  Colo.,  wooded  bluff  just  south  of  the  town; 
collected  by  A.  C.  Peale,  1908: 

Pteris?  sp. 

Dammarasp. 

Cyperacites  sp. 

Salix  wyomingensis  Knowlton  and  Cockerell. 

Ficus  navicularis  Cockerell. 

Cinnamomum  affine  Lesquereux. 

Malapoenna  louisvillmisis  Knowlton,  n.  sp. 

Rhamnus  salicifolius  Lesquereux. 

Rhamnus  marshallensis  Knowlton,  n.  sp. 

Rhamnus  goldianus?  Lesquereux. 

Leguminosites?  coloradensis  Knowlton,  n.  sp. 
Dump  of  mine  at  Erie,  Colo.;  collected  by  N.  L.  Britton 
for  J.  S.  Newberry  about  1884.    This  mine  has  long  been 
abandoned,  and  when  I  visited  it  in  1908,  I  could  not 
obtain  even  a  scrap  of  a  plant: 

Anemia. 

Ficus  sp.? 

Juglans  newberryi  Knowlton,  n.  sp. 

Quercus  eriensis  Knowlton,  n.  sp. 

Nelumbo  tenuifoliaCLesquereux)  Knowlton,n.  comb. 

Dombeyopsis?  sinuata  Knowlton,  n.  sp. 

Dombeyopsis  ovata  Knowlton  n.  sp. 

Dombeyopsis  obtusa  Lesquereux. 

Ceanothus  eriensis  Knowlton,  n.  sp. 

Rhamnus  brittoni  Knowlton,  n.  sp. 

Rhamnus  minutus  Knowlton,  n.  sp. 

Rhamnus  salicifolius  Lesquereux. 

Celastrinites  alatus  Knowlton,  n.  sp. 

Celastrinites  eriensis  Knowlton,  n.  sp. 

Pistacia  eriensis  Knowlton,  n.  sp. 

Pistacia  hollicki  Knowlton,  n.  sp. 

Ilex  laramiense  Knowlton,  n.  sp. 

Leguminosites  columbianus  Knowlton,  n.  sp. 

Hedera  lucens  Knowlton,  n.  sp. 


1}  miles  northeast  of  Erie,  Colo.;  collected  by  F.  H. 
Knowlton  and  6.  C.  Martin,  1908: 

Asplenium  martini  Knowlton,  n.  sp. 
Railway  cut  near  Superior,  Colo.;  collected  by  A.  C. 
Peale,  1908: 

Rhamnus  salicifolius  Lesquereux. 
Dump  of  Rex  mine  No.  11,  Louisville,  Colo.;  collected 
by  A.  C.  Peale,  1908: 

Sequoia  longifolia  Lesquereux. 

Cyperacites  sp. 

Cinnamomum  affine  Lesquereux. 

Bialapoenna  louisvillensis  Knowlton,  n.  sp. 

Ficus  sp. 

Zizyphus  or  Ceanothus  sp.,  fragment  of  base. 
Dump  of  Simpson  mine,  Lafayette,  Colo. ;  collected  by 
A.  C.  Peale,  1908: 

Phanerophlebites  pealei  Knowlton,  n.  sp. 

Sapind US-like  fragment. 
Coal  Creek,  Boulder  County,  Colo.;  collected  by  N.  L. 
Britton  for  J.  S.  Newberry  about  1884: 

Salix  brittoniana  Knowlton,  n.  sp. 

Salix  wyomingensis  Knowlton  and  Cockerell. 

Juglans  laramiensis  Knowlton,  n.  sp. 

Ficus  arenacea  Les(]fliereux. 

Ficus  planicostata  Lesquereux. 

Ficus  praeplanicostata  Knowlton,  n.  sp. 

Artocarpus  liriodendroides  Knowlton,  n.  sp. 

Dombeyopsis  obtusa  Lesquereux. 

Aristolochia  brittoni  Knowlton,  n.  sp. 

Phyllites  trinervis  Knowlton,  n.  sp. 
Murphy  coal  mine,  on  Ralston  Creek,  5^  miles  north  of 
Golden,  Colo.;  collected  by  A,  C.  Peale,  1908: 

Palm,  gen.  and  sp.? 

Ficus  cockerelli  Knowlton,  n.  sp. 

Ficus  navicularis?  Cockerell. 
Murphy  coal  bank,  Ralston  Creek,  north  of  Golden, 
Colo.;  collected  by  Arthur  Lakes,  1890: 

Carpites  lakesii  Knowlton,  n.  sp. 

Palaeoaster  similis  Knowlton,  n.  sp. 
Hoyt's  coal  mine,  1  mile  south  of  Golden,  Colo.;  col- 
lected by  Arthur  Lakes,  1890: 

Sabal  montana  Knowlton. 

Phragmites  sp. 

Ficus  arenacea  Lesquereux. 

Ficus  cockerelli  Knowlton,  n.  sp. 

Ficus  navicularis  Cockerell. 

Dombeyopsis  obtusa  Lesquereux. 
Leyden  Gulch,  east  of  road  to  Boulder  and  6^  miles 
north  of  Golden,  Colo.;  collected  by  A.  C.  Peale,  1908: 

Cyperacites  sp.      j. 

Cyperacites?  sp. 

Sabal  montana  Knowlton. 

Juglans  leydenianus  Knowlton,  n.  sp. 

Ficus  cockerelli  Knowlton,  n^  name. 

Ficus  navicularis  Cockerell. 

Ficus?  leyden  Knowlton,  n.  sp. 

Cinnamomum  affine  Lesquereux. 

Dombeyopsis  sp.  cf.  D.  trivialis  Lesquereux. 

Apeibopsifl?  laramiensis  Knowlton,  n.  sp. 

Phyllites  leydenianus  Knowlton,  n.  sp. 

Apocynophyllum  taenifolium  Knowlton,  n.  sp. 
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Gut  on  Moffat  railroad  (Denver  &  Salt  Lake)  at  crossing 
of  road  to  Boulder,  about  8  miles  north  of  Golden,  Colo.; 
collected  by  A.  G.  Peale,  1908: 

« 

Sequoia  acuminata?  Lesquereux. 

Gyperacites  sp. 

Palm,  gen.  and  sp.? 

Juglans  praerugosa  Knowlton»  n.  sp. 

Salix  mjrricoides  Knowlton,  n.  sp, 

Ficus  arenacea  Lesquereux. 

Ficus  cockerelli?  Knowlton,  n.  name. 

Ficus  neodalmatica  Knowlton,  n.  sp. 

Ficus  navicularis  Gockerell. 

Ficus  planicostata  Lesquereux. 

Ginnamomum  afline  Lesquereux. 

Rhamnus?  pealei  Knowlton,  n.  sp. 

Rhamnus  salicifolius  Lesquereux. 

Phyllites  sp. 
1}  miles  west  of  Grolden,  Golo.;  collected  in  1881  by 
Lester  F.  Ward.    A  hard  white  sandstone  showing  the 
following  forms: 

Sabal  montana?  Knowlton. 

Ficus  crossii  Ward. 

Ficus  arenacea  Lesquereux. 

Ficus  cockerelli  Knowlton,  n.  name. 

Ficus  navicularis  Lesquereux. 

Ficus  planicostata  Lesquereux. 

Salix  wyomingensis  Knowlton  and  Gockerell. 

Platanus  platanoides  (Lesquereux)  Knowlton. 
Half  a  mile  west  of  Golden,  Golo. ;  collected  by  Lester  F. 
Ward,  1881: 

Sabal  montana?  Knowlton,  fragment  only. 

About  2  miles  south  of  Golden,  Golo,;  collected  by  A.  C. 
Peale,  1908: 

Juglans  praerugosa  Knowlton,  n.  sp. 
Platanus  platanoides  (Lesquereux)  Knowlton. 
Rhamnus  salicifolius  Lesquereux. 

About  3  miles  south  of  Golden,  Golo.;  collected  by  A.  G. 
Peale,  1908: 

Ficus  navicularis  Gockerell. 
1}  miles  south  of  Golden,  Golo. ;  collected  by  A.  G.  Peale, 
1908: 

Ficus  cockerelli  Knowlton,  n.  name. 

Ficus  sp. 

Zizyphus  hendersoni  Knowlton,  n.  sp. 

Mount  Garbon,  Morrison,  Golo.;  collected  by  Arthur 
Lakes,  1890: 

Dryopteris  carbonensis  Knowlton,  n.  sp. 

Sequoia  acuminata  Lesquereux. 

Phragmites  sp. 

Salix  wyomingensis  Knowlton  and  Gockerell. 

Hicoria  angulata  Knowlton,  n.  sp. 

Artocarpus  lessigiana  (Lesquereux)  Knowlton. 

Ficus?  smithsoniana  (Lesquereux)  Lesquereux. 

Ficus  navici^laris  Gockerell. 

Ginnamomum  laramiense  Knowlton,  n.  sp. 

Rhamnus  salicifolius  Lesquereux. 

Geanothus  ovatifoliu^  Knowlton,  n.  sp. 
Mount  Garbon,  Morrison,  Golo.;  collected  by  Arthur 
Lakes,  1890: 

Phragmites  sp. 

Sequoia  acuminata  Lesquereux. 


Gowan  Station,  south  of  Denver,  Colo.;  collected  by 
F.  H.  Knowlton  and  A.  G.  Peale,  1908: 

Ficus  cowanensis  Knowlton,  n.  sp. 

Dombeyopeis  obtusa  Lesquereux. 

Gornus  praeimpressa  Knowlton,  n.  sp. 

Gelastrinites  sp. 

Salix  wyomingensis  Knowlton  and  Gockerell. 

Ginnamomum  affine  Lesquereux. 

Populus?  distorta  Knowlton,  n.  sp. 

PhylUtes. 

Zizyphus  regularis  Knowlton,  n.  sp. 

Artocarpus  lessigiana  (Lesquereux)  Knowlton. 

Ficus  pealei  Knowlton,  n.  sp. 

Anona  coloradensis  Knowlton,  n.  sp. 

Ginnamomum  laramiense  Knowlton,  n.  sp. 

Gornus  sp. 

Gyperadtes  sp. 

Ficus  apiculatus  Knowlton,  n.  sp. 

Rhamnus  salicifolius  Lesquereux. 

Ficus  praetenuinervis?  Knowlton. 

Palm,  Saballtes  sp.? 
Old  Franceville  mine,  12  miles  southeast  of  Colorado 
Springs,  Colo.;  obtained  by  A.  G.  Peale,'  1873,  and  identi- 
fied by  Lesquereux: 

Sabal     campbelli?       Newberry  =e  Sabal     montana 
Knowlton? 

Smilax  grandlfoUa?    Unger^Smilax?   inquirenda? 

Quercussp.=? 

Ficus  spectabilLs  Lesquereux » Ficus  denveriana? 

Rhamnus  clebumi  Lesquereux » Rhamnus  sp. 

PaUurus  sp.=Zizyphus  coloradensis? 
Near  Old  Franceville  mine,  12  miles  southeast  of  Colo- 
rado Springs,  Colo.,  from  sandstone  overlying  the  main 
(lowest)  coal,  in  south  bank  of  creek  200  feet  north  of 
high-road  bridge,  near  west  line  of  sec.  19,  T.  14  S.,  R.  64 
W.;  collected  by  A.  G.  Peale  and  M.  I.  Goldman,  1908 
[No.  19]: 

Gyperacites  sp.,  fragments. 

Myrica  torreyi  Lesquereux. 

Ficus  arenacea  Lesquereux. 

Ficus  navicularis  Gockerell. 
Old  Franceville  mine,  12  miles  southeast  of  Colorado 
Springs,  Golo.  [NW.  i  sec.  24,  T.  14  S.,  R.  66  W.];  collected 
by  A.  G.  Peale  and  M.  I.  Goldman,  1908  [No.  18].  This  is 
the  same  locality  as  that  at  which  Peale  made  his  collec- 
tion in  1873,  but  as  the  mine  has  long  been  abandoned, 
only  the  following  fragments  could  be  identified: 

Ginnamomum  affine  Lesquereux. 

Ficus  sp.? 

Cissus?    sp.  (base  only  preserved). 
Gehrung's  coal  mine.  Popes  Bluff,  west  of  Pikeview, 
Colo.;  collected  by  Leo  Lesquereux,^  1872: 

Sabal    campbelli?    Newberry » Sabal       montana? 
Knowlton. 

Platanus  haydenii  Newberry. 

Ficus  tiliaefolia  (Al.  Braun)» Ficus  cockerelli? 

Dombeyopsis    obtusa    Lesquereux^Dombeyopsis 
obtusa. 

•  South  Pai:k  (Uviaion  (Colo.]:  U.  S.  Oeol.  and  0«og.  Sunrej  Terr. 
Rapt,  for  1873,  pp.  2m,  393, 1874. 

*  Lignitlc  formation  and  fossil  flora:  U.  S.  Oeol.  and  Oeo(.  Survej 
Terr.  Rept.  for  1873,  pp.  326, 376, 1873. 
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Popee  Biuf!,  west  of  Pikeview,  Colo.;  collected  by  A.  C. 
Peale  and  M.  I.  Goldman,  1908: 

Pteris  goldmani  Knowlton,  n.  8p. 

Cyperacitee?  teasellata  Knowlton,  n.  sp. 

Sabal  sp.  cf.  S.  montana  Knowlton? 

Smilax?  inqulrenda  Knowlton,  n.  sp. 

Juglana  praerugosa  Knowlton,  n.  sp. 

Juglans  laramiensiB  Knowlton,  n.  sp. 

Myrica  dubia  Knowlton,  n.sp. 

Ficus  arenacea  Lesquereux. 

Ficus  denveriana?  Cockerell. 

Ficus  cockerelU  Knowlton,  n.  name. 

Ficus  navicularls  Cockerell. 

Ficus  planicostata  Lesquereux. 

Cinnamomum  affine  Lesquereux. 

Rhamnus  salicifolius  Lesquereux. 

Rhamnus  sp. 

Zizyphus  coloradensis  Knowltop,  n.  sp. 

Dombeyopsis  obtusa  Lesquereux. 
Opposite  sand-lime  brick  works,   Pikeview,   4  miles 
n3rth  of  Colorado  Springs,  Colo.;  collected  by  A.  C.  Peale, 
1908  (No.  24]: 

Anemia  sp. 

Ficus  arenacea?  Lesquereux. 

Ficus  navicularis  Lesquereux. 

Ficus  sp. 

Cinnamomum  affine?  Lesquereux. 

Rhamus  salicifolius  Lesquereux. 

Dombeyopsis  trivialis?  Lesquereux. 

Leguminosites  laramiensis  Knowlton,  n.  sp. 
Crow  Creek,  about  25  miles  northeast  of  Greeley,  Colo. ; 
collected  by  F.  H.  Knowlton  and  T.  W.  Stanton,  1896: 

Sequoia  acuminata  Lesquereux. 

Myiica  torreyi  Lesquereux. 

PlatanuB  platanoides?  (Lesquereux)  Knowlton. 

Dombeyopsis  obtusa  Lesquereux. 

DIFFICULTIES  IN  THE  STUDY  OF  THE  EARUER 

COLLECTIONS. 

Much  difficulty  hcts  been  experienced  in 
studying  the  older  collections  from  this  region. 
For  many  years  it  was  not  supposed  to  be 
necessary  to  give  more  than  a  very  general 
locality  label — such  as  *' Golden,  Colo./'  ''near 
Denver,  Colo./'  as  it  was  presumed  that  all 
the  plant-bearing  beds  were  of  the  same  age. 
At  first  the  age  was  given  as  ''Lignitic"  or 
''  Colorado  Lignitic/'  and  later  all  the  specimens 
were  referred  to  the  Laramie  without  distinc- 
tion. However,  when  it  was  later  demon- 
strated that  two  or  even  three  distinct  plant- 
bearing  formational  units  may  be  present  in 
the  same  section,  confusion  became  con- 
founded. It  was  the  fusion  of  horizons,  here 
and  elsewhere,  that  for  so  long  a  time  obscured 
and  negatived  any  results  that  could  be  ob- 
tained by  a  study  of  the  flora.  Consequently, 
after  the  segregation  of  the  Arapahoe  and 
Denver    formations    from    the    LaramiO;    it 


naturally  became  of  the  greatest  interest  and 
importance  to  ascertain  the  extent  to  which 
the  fossil  flora  confirmed  this  differentiation  of 
horizons. 

In  the  absence  of  original  labels  or  other 
data  by  which  the  plants  can  be  connected 
with  a  definite  locality  or  horizon,  there  appear 
to  be  only  two  methods  by  which  their  posi- 
tion can  be  arrived  at — (1)  by  a  study  of  the 
lithologic  characteristics  of  the  matrix  con- 
taining the  fossils,  or  (2)  by  the  collection  of 
additional  specimens  from  beds  of  known 
position.  When  Whitman  Cross  ^  established 
the  Denver  formation  he  recognized  at  once 
the  necessity  for  making  an  examination  of 
this  kind,  and  consequently  he  made  a  careful 
study  of  the  matrix  of  such  of  the  Golden 
plants  as  were  then  available.  Fortunately, 
nearly  90  per  cent  of  the  specimens  on  which 
Lesquereux  based  his  work  are  preserved  in 
the  collections  of  the  United  States  National 
Museum,  and  by  studjdng  the  matrix  of  each 
species  Cross  was  able  to  arrive  at  valuable 
results.  As  is  now  known,  it  is  comparatively 
easy  to  distinguish  between  the  quartzose 
sandstone  of  the  Laramie  and  the  peculiar 
yellowish-brown  andesitic  material  of  the 
Denver. 

This  study  by  Cross  was  confined  to  the 
plants  from  Golden  enumerated  by  Lesquereux 
in  his  ''Tertiary  flora"  and  "Cretaceous  and 
Tertiary  floras."  These  works  together  de-» 
scribe  just  100  species  from  this  locality, 
hence  numbers  express  percentages.  Cross 
was  then  able  to  find  79  species,  of  which  he 
says: 

Eighteen  occur  in  what  is  judged  to  be  Laramie  sand- 
stone or  shale,  and  59  in  distinct  Denver  beds  of  Table 
Mountain,  while  7  occur  in  both  rocks,  and  9  cases  are  in 
doubt.  Lesquereux  gives  horizons  for  6  species  that  were 
not  found.  By  combining  these  two  sources  of  informa- 
tion we  get  probable  indications  for  76  per  cent  of  the 
Golden  fossil  plants;  22  per  cent  came  from  true  Laramie 
strata  and  63  per  cent  from  Table  Mountain  beds;  9  per 
cent  occur  in  both  formations.    * 

A  few  years  later  Lesquereux  *  published  a 
short  paper  entitled  ^'Fossil  plants  collected 
at  Golden,  Colo./'  in  which  he  added  60 
species  to  this  flora.  There  is  no  mention  in 
this  paper  of  a  definite  horizon  or  of  an  exact 

>  The  Denver  Tertiary  fomiatioii:  Am.  Jour.  Scl.,  3d  ser.,  vol.  37,  pp. 
272-276,  1889. 

•  Lesquereux,  Leo,  Harvard  CoU.  Mu8.  Comp.  Zoology  BuU.,  vol.  16, 
pp.  43-50, 1888. 
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locfdity  for  a  single  species  beyond  the  state- 
ment that  they  were  collected  at  Golden  and 
came  from  the  Laramie.  It  was  ascertained 
later  from  Arthur  Lakes,  who  collected  this 
material,  that  so  far  as  he  could  recall  all  came 
from  Table  Mountain  or  Green  Mountain, 
and  that  '*  none  of  them  came  from  the  prox- 
imity of  the  lower  coal  measures/'  This 
material  is  the  property  of  Harvard  University 
and  has  not  been  reviewed  in  the  present  con- 
nection, but  I  saw  it  casually  some  years  ago 
and  do  not  recall  any  specimens  not  preserved 
on  the  matrix  characteristic  of  the  Denver 
formation  at  Golden. 

The  difficulty,  not  to  say  danger,  of  relying 
implicitly  on  the  matrix  to  separate  collections 
of  questioned  stratigraphic  position  is  well 
illustrated  in  the  attempts  made  to  locate  the 
early  collections  from  Coal  Creek,  east  of 
Denver.  (See  p.  90.)  This  material  is  pre- 
served on  a  very  soft  carbonaceous  sandstone 
and  was  supposed  to  have  come  either  from 
the  extreme  upper  part  of  the  Laramie  or  from 
the  Arapahoe  formation.  Recent  information 
derived  from  a  study  of  the  log  of  a  deep  well 
makes  it  probable  that  these  Coal  Creek  plants 
did  not  come  from  either  the  Laramie  or  the 
Arapahoe,  but  from  the  Denver  formation. 
The  study  of  the  matrix  of  these  plants  did 
not  and  could  not  settle  the  horizon  with 
certainty. 

Another  source  of  difficulty  in  dealing  with 
the  older  collections  has  arisen  in  the  following, 
manner:  It  was  Lesquereux's  custom  to  pub-< 
lish  preliminary  accounts,  in  the  annual  re- 
ports of  the  Hayden  Survey  and  elsewhere,  of 
the  flora  of  various  localities  and  formations. 
These  included  new  species  more  or  less  ade- 
quately described  and  previously  known  spe- 
cies, some  of  them  European,  but  when  the 
formal  presentation  of  the  floras  was  made, 
as  in  ''The  Tertiary  flora,"  or  "The  Cretaceous 
and  Tertiary  floras,"  certain  of  these  species 
were  merged  with  other  forms  and  no  syno- 
nymic record  was  made  of  such  combinations. 
It  is  thus  practically  impossible  now  to  deter- 
mine the  disposition  that  was  made  in  such 
cases^  and  this  explains  why  forms  once  re- 
ported as  present  in  a  flora  are  no  longer 
accepted,  or  if  admitted  are  so  carefully  quali- 
fied. A  case  in  point  is  offered  by  Cerci^ 
eocenica  Lesquereux.     In  1873  this  species  was 
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named  and  imperfectly  described  from  ''Erie 
mines,  Boulder  Valley," '  but  so  far  as  known 
it  was  not  afterward  alluded  to  by  Lesque- 
reux. It  was  never  figured  nor  adequately 
characterized,  nor  is  there  known  to  be  a 
specimen  representing  it.  It  was  probably 
united  with  some  other  species,  but  if  so  there 
is  no  record  of  such  transfer. 

Another  example  is  furnished  by  Querctts 
lyeUi  Heer,  a  European  Tertiary  form  listed 
by  Lesquereux*  in  his  first  account  of  the 
plants  from  Marshall,  Colo.  It  was  not  men- 
tioned again  in  this  connection  and  has  not 
been  since  identified  from  that  locality. 

Still  another  series  of  errors  has  come  from 
the  obvious  mislabeling  of  localities.  Under 
the  system  at  present  employed  a  locality 
number  is  placed  on  each  specimen,  and  it  is 
practically  impossible  to  give  a  wrong  locality, 
but  in  the  earlier  days  a  single  detached  label 
was  all  that  accompanied  a  whole  collection, 
which  might  comprise  dozens  or  even  himdreds 
of  specimens.  When  such  collections  became 
mixed,  as  there  is  imdoubted  evidence  to  show 
that  they  sometimes  did,  the  only  possible  way 
in  which  the  forms  can  be  allocated  is  by  the 
matrix.  If  this  is  sufficiently  distinct  to  be 
characteristic,  the  specimens  can  be  separated 
with  a  fair  degree  of  certainty,  as,  for  example, 
when  a  specimen  labeled  "Table  Mountain, 
Golden'^— which  should  be  in  the  Denver 
formation — ^is  found  preserved  on  the  whitish 
arkosic  sandstone  known  to  belong  to  the 
Laramie  of  the  region,  or  when  a  specimen 
preserved  on  the  andesitic  matrix  character- 
istic of  the  Denver  formation  is  labeled  "  Black 
Buttes,  Wyo.,"  where  there  is  a  somewhat 
similar  appearing  yellowish  sandstone,  the 
error  can  be  detected.  When  the  matrix  is 
the  same  or  practically  the  same,  the  case  is 
hopeless,  and  t^is  is  undoubtedly  the  cause  for 
much  erroneous  distribution  of  species,  both 
areal  and  vertical. 

I  have  taken  the  trouble  to  explain  at  length 
certain  of  the  difficulties  encountered  in  evalu- 
ating the  original  collections.  Many  toilsome 
hours  have  been  spent  in  trying  to  secure  a 
rational  treatment  of  this  material,  but  even 
so,  it  is  probably  too  much  to  assume  that  the 

1 U.  S.  Oeol.  and  Geog.  Survey  Terr.  Kept,  for  1872,  p.  384, 1873. 
•  Lesqaereux,  Leo,  [Notee  on  fossil  plants  from  Rock  Creek,  etc.]:  Am. 
Jour.  Sci.,  2d  ser.,  vol.  45,  p.  206, 1868. 
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result  is  yet  or  ever  will  be  entirely  free  from 
errors  of  the  kind  detailed  above.  This  should 
not  be  interpreted,  however,  as  meaning  that 
all  the  older  work  was  uniformly  of  poor 
quality,  for  it  was  not,  but  it  was  pioneer  work, 
with  all  the  handicaps  incident  to  such  work, 
and  as  such  it  is  to  be  judged.  Whether  good 
or  bad,  it  is  the  foundation  upon  which  all 
subsequent  effort  must  be  built. 

SYNONYMS  AND  CHANGES  OF  INTERPRETATION. 

During  the  half  century  that  the  flora  of 
the  Laramie  formation  has  been  under  consid- 
eration by  geologists  pud  paleontologists  it  has 
naturally  happened  that  there  have  been  many 
changes  in  nomenclature  and  in  interpreta- 
tion. As  the  literature  is  more  or  less  widely 
scattered  and  difficult  of •  consultation,  I  have 
thought  it  might  be  of  use  to  have  all  these 
changes  brought  together.  The  users  of  this 
literature  will  have  no  difficulty  in  noting  and 
collating  the  changes  that  have  taken  place  by 
consulting  the  following  alphabetically  ar- 
ranged list: 

Aoer^  fruit  and  l^avea  of,  I^squereux,  Am.  Jour.  Sci.,  2d 
aer.,  vol.  45,  p.  208,  1868;  Hayden,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  [Third]  Ann.  Rept.,  p.  96,  1869 
[reprint,  p.  196, 1873J.    Not  aubsequently  recognized. 

AntmioL  haydenii  (Lesquereux)  Cockerell =-4 nemia  elongata 

(Newberry)  Knowlton,  n.  comb. 
.  AraucarUes    reUJitnhachi     Gmntz^^Seqiuna     reichenbaehi 
(Geinitz)  Heer. 

Aapidium  goldixmum  Lesquereux^ Drs^optem.  lesqiiereuxii 
Knowlton,  n.  name. 

Aapidium  JUcherif  Lesquereux,  IS70= Dryopteria  laramien- 
na  Knowlton,  n.  name. 

Aapidium  (Laatrea)  pulchellumt  Heer,  Lesquereux,  1870= 
Dryopieria  laramienaia  Knowlton,  n.  name. 

Caulinitea  fecundtu  Leaquereux^^Onocleafecunda  (Lesque- 
reux) Knowlton. 

Clathropodium  mirabiU  (Lesquereux)  WtLtd=Cycad€oidea 
mirabUia  (Lesquereux)  Ward. 

Comua  incompletua  Lesquereux,  Am.  Jour.  Sd.,  2d  ser., 
vol.  45,  p.  208,  1868;  Hayden,  U,  S..Geol.  and  Geog. 
Survey  Terr.  [Third  Ann.  Rept.],  p.  96, 1869  [reprint, 
p.  196, 1873].  Not  described,  figured,  or  subsequently 
referred  to  by  Lesquereux. 

Comua  orbifera  Heer,  Lesquereux^^Cbmtw  auhorhifera 
Lesquereux. 

CunninghamiUaf  sp.  Knowlton,  U.  S.  Geol.  Survey  Bull. 
163,  p.  29,  pi.  5,  fig.  3,  l^OO=Seqxu>ia  longi/olia  Les- 
quereux. 

Cycadeoidea  zamioatrobua  Solma^  Cycadeoidea  mirahilia 
(Lesquereux)  Ward. 

Echitonium  aophiae  O.  Weber.  Lesquereux,  Am.  Jour. 
Sci.,  2a  ser.,  vol.  45,  p.  208, 1868;  Hayden,  U.  S.'Geol. 
and  Geog.  Survey  Terr.'  [Third]  Ann.  Rept.,  p.  96, 
1869  [reprint,  p.  196,  1873],  Not  subsequently  rec- 
ognized from  this  locality  [Marshall,  Colo.]. 


Equisetum   laevigatum    Leaquereux^ Equiaetum  perlaevi- 

gatum  Cockerell. 
Ficua  irregularia  (Lesquereux)  Lesquereux^ Ficu«  colora- 

derma  Cockerell. 
Ficua  lanceolata  B.eeT=^ Ficua  navicularia  Cockerell. 
Ficua  lanceolata  Heer,  U.  S.  Geol.  Survey  Bull.  152,  p. 

102,  IS9S=^  Ficua  arenacea  Lesquereux. 
Ficua  planicoatata  laUfolia  Lesquereux =Fictu  oockerelli 

Knowlton,  n.  sp. 
Ficua  apectabilia  Lesquereux= ^icu*  denveriana  Cockerell. 
Ficua  apectabilia  Lesquereux,  in  Peale,  U.  S.  Geol.  and 

Geog.  Survey  Terr.  Rept.  for  1873,  pp.  203,  393,  1874 

^  Ficua  denveriana  f  Cockerell. 
Ficua  tUiaefolia  Al.  Braun.    Lesquereux,  U.  S.  Geol.  and 

Geog.  Survey  Terr.  Rept.  for  1872,  pp.  326,  275,  1873 

^ Ficua  cockerellif  Knowlton,  n.  sp. 
Ficua  uncata  Lesquereux,  Knowlton,  U.  S.  Geol.  Survey 

Bull.  152,  p.  105,  1898=FictM  croaiii  Ward. 
Goniopieria  pol^podioidea  Ettingshausen^Dryopteris  {Laa- 

trea)  polypodimdea  (£ttingshausen)  Knowlton. 
Gymnogramma    haydenii    Le8quereux=.^7i«mia    elongata 

(Newberry)  Knowlton,  n.  comb. 
Juglana  rugoaa  Lesquereux  (in  paxt)=  Juglana  pracrugoaa 

Knowlton,  n.  sp. 
Juglana  amiJthaoniana   Lesquereuxi^  Ficuxf  amUhaoniana 

(Lesquereux)  Lesquereux. 
Laatrea    (Goniopteria)    goldiana    Lesquereux =i)ryo///em 

leaquereujcii  Knowlton f  n.  name. 
Laatrea  (Goniopteria)   intermedia  LeBquerenx^Dryopteria 

lartanienaia  Knowlton,  n.  name. 
Laatrea  (Goniopteria)  polypodiovdea  (Ettingahausen)  I^es- 

quer/Qux,  Tertiary  flora:  U.  S.  Geol.  Survey  Terr. 

Rept.,  vol.  7,  p.  57,  pi.  4,  figs.  11, 12,  lS7S=lirj/ppteris 

(Laairea)  polypodimdea  (Ettingshausen)  Knowlton. 
f Laatrea  argvia  Lesquereux,  Am.  Jour.  Sci.,  2d  ser.,  vol. 

45,  p.  207,  1SQS= Anemia  aupercretacea  Hollick. 

Laurua  ocoteoidea  Lesquereux  s=Louru«  wardiana  Knowlton. 

Myricaf  leatigiand  LeBq\i&e\ix=Artooarpua  leaaigiana  (Les- 
quereux) Knowlton. 

Myricaf  leaaigii  Le8quereux=s^rtooaf:;m<  leaaigiana  (Le»- 
q^uereux)  Knowlton. 

Nelumbium  JsLmea^:^  Cycadeoidea  mirabilia  (Lesquereux) 
Ward. 

Nelumhium  tenui/olium  LeBquereux^  Nelumbo  tenuifolia 
(Lesquereux)  Knowlton,  n.  comb. 

Paliurua  sp.  Lesquereux,  in  Peale,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Rept.  for  1873,  pp.  203,  393,  1874= 
Zizyphua  ooloradenaia?  Knowlton,  n.  sp. 

Phragmitea  oeningenaia  Al.  Braun.  Lesquereux^sPAro^- 
mitea  laramianua  Cockerell. 

Phyllitea  aulcatum  Lesquereux,  Am.  Jour.  Sci.,  2d  ser., 
vol.  45,  p.  208,  1868;  Hayden,  U.  S.  Geol.  and  Gepg. 
Survey  Terr.  [Third]  Ann.  Rept.,  p.  96,  1869  [reprint, 
p.  196,  1873]=nomen  nudum.  Neither  described, 
figured,  nor  subsequently  referred  to  by  Lesquereux. 

Platanu^  haydenii  Newberry.  Lesquereux,  U.  S.  Geol. 
and  Geog.  Survey  Terr.  Rept.  for  1872,  pp.  326,  375, 
1873.    Not  subsequently  recognized. 

Pteria  gardneri  Lesquereux^Gj^mno^ramma  gardneri  (Les- 
quereux) Lesquereux. 

Quercua  angualiloba  Al.  Braun.  Le8quereux= Qitercu*  prae- 
anguatiloba  Knowlton,  n.  sp. 
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Querau  ehlorophyUa  linger.    I^iesquereux,  Am.  Jour.  Sd., 

2d  8er.,  vol.  45,  p.  208,  18^;  Hayden,  U.  S.  Geol.  and 

Geog.  Survey  Terr.  [Third]  Ann.  Kept.,  p.  96,  1869 
.  [reprint,  p.  196,  1873].    Rejected. 
Quereus  lyelli  Heer.    Lesquereux,  Am.  Jour.  Sci.,  2d  ser., 

vol.  45,  p.  208,  1868;  Hayden,  U.  S.  Geol.  and  Geog. 

Survey  Terr.  [Third]  Ann.  Rept.,  p.  96,  1869  [reprint, 

p.  196,  1873].    Rejected. 
Rhamntu  debumi  Lesquereux,  in  Peale,  U.  S.  Geol.  and 

Geog.   Survey  Terr.   Rept.  for  1873,   pp.   203,  393, 

lS74=Ehamnus  sp. 
Rhamwus     eUgans     iiewheny  =  Rhamntu    helmonteTtiis 

Ki^owlton  and  Cockerell. 
Sabal  campbellif  Newberry.    Lesquereux,  U.  S.  Geol.  and 

Geog.   Survey  Terr.   Rept.  for  1872,  pp.  326,  375, 

1873 =5a6aZ  montanat  Knowlton. 
Sabal  campbellif  Newberry.    Peale,  U.  S.  Geol.  and  Geog. 

Survey  Terr.  Rept.  for  1873,  pp.  203,  393,  1874= 

Sabal  montanat  Knowlton. 
Sabalites  grayanus  (Lesquereux)  Lesquereux »^a6a2  mon- 

tana  Knowlton. 
Salix  Integra  Gdppert= S'a/ia:  wyomingentis  Knowlton  and 

Cockerell. 
SmUax  grandi/oliaf  Unger.    Lesquereux,  in  Peale,  U.  S. 

Geol.  and  Geog.  Survey  Terr.  Rept.  for  1873,  pp.  203, 

393,  1S7 A^^Smilaxf  inquirendaf  Knowlton,  n.  sp. 
Sphenopteris  (Asplenium)  elongatum  Newberry = Anemia 

elongata  (Newberry)  Knowlton,  n.  comb. 
Ulmusf  irregularis  Lesquereux =i^tcu^  coloradensis  Cock- 
erell. 
Viburnum  plaianoides  Lesquereux »P2atontu  pUUanoides 

(Lesquereux)  Knowlton. 
Zamiostrobus  mirabilia  Lesquereux  ^Cyooc/eoiefea  mirabUia 

(Lesquereux)  Ward. 

LARAMIE  PLANTS  IN  THE  DENVER  BASIN. 

The  following  is  a  complete  list  of  the  plants 
found  in  the  Laramie  formation  in  the  Denver 
Basin: 

Delesseria  fulva  Lesquereux. 

Onoclea  fecunda  (Lesquereux)  Knowlton. 

Dryopteris  georgei  Knowlton,  n.  sp. 

Dryopteris  laramiensis  Knowlton  n.  name. 

Dryopteris  lesquereuxii  Knowlton,  n.  name. 

Dryopteris?  carbonensis  Knowlton,  n.  sp. 

Phanerophlebites  pealei  Knowlton,  n.  gen.  and  sp. 

Asplenium  martini  Knowlton,  n.  sp. 

Pteris  goldmani  Knowlton,  n.  sp. 

Pteris?  sp. 

Anemia  elongata  (Newberry)  Knowlton,  n.  comb. 

Anemia  supercretacea  HoUick. 

Anemia  sp. 

Lygodiiun?  compactum  Lesquereux. 

Equisetum  perlaevigatum  Cockerell. 

Dammara  sp. 

Sequoia  acuminata?  Lesquereux. 

Sequoia  reichenbachi  (Geinitz)  Heer. 

Sequoia  longifolia  Lesquereux. 

Cycadeoidea  mirabilis  (Lesquereux)  Ward. 

Cyperacites?  hillsii  Knowlton,  n.  sp. 

Cyperadtes?  teasel  latus  Knowlton,  n.  sp. 

Cyperacites?  sp. 


Phragmites  laramianus  Cockerell. 

Smilax?  inquirenda  Knowlton,  n.  sp. 

Sabal  montana  Knowlton,  n.  sp. 

Juglans  leydenianus  Knowlton,  n.  sp. 

Juglans  newberryi  Knowlton,  n.  sp. 

Juglans  laramiensis  Knowlton,  n.  sp. 

Juglans  leconteana  Lesquereux. 

Juglans  praerugosa  Knowlton,  n.  sp. 

Hicoria  angulata  Knowlton,  n.  sp. 

Hicoria  minutula  Knowlton,  n.  sp. 

Myrica  torreyi  Lesquereux. 

Myrica  dubia  Knowlton,  n.  sp. 

Myrica  oblongifolia  Knowlton,  n.  sp. 

Salix  myricoides  Knowlton,  n.  sp. 

Salix  wyomingensis  Knowlton  and  Cockerell. 

Salix  brittoneana  Knowlton,  n.  sp. 

Populus?  distorta  Knowlton,  n.  sp. 

Quercus  praeangustiloba  Knowlton,  n.  sp. 

Quercus  stramineus  Lesquereux. 

Quercus  eximia  Knowlton,  n.  sp. 

Quercus  vibumifolia?  Lesquereux. 

Artocarpus  lessigiana  (Lesquereux)  Knowlton. 

Artocarpus  liriodendroides  Knowlton,  n.  sp. 

Ficus?  smithsoniana?  (Lesquereux)  Lesquereux. 

Ficus  pealei  Knowlton,  n.  sp. 

Ficus  planicostata  Lesquereux. 

Ficus  cockerelli  Knowlton,  n.  name. 

Ficus  planicostata  magnifolia  Knowlton,  n.  var. 

Ficus  praeplanicoetata  Knowlton,  n.  sp. 

Ficus  impressa  Knowlton,  n.  sp. 

Ficus  coloradensis  Cockerell. 

Ficus  dalmatica  Ettingshausen. 

Ficus  neodalmatica  Knowlton,  n.  sp. 

Ficus?  leyden  Knowlton,  n.  sp. 

Ficus  posttrinervis  Knowlton,  n.  sp. 

Ficus  cannon!  Knowlton,  n.  sp. 

Ficus  navicularis  Cockerell. 

Ficus  multinervis?  Heer. 

Ficus  denveriana?  Cockerell. 

Ficus  crossii  Ward. 

Ficus  cowanemds  Knowlton,  n.  sp. 

Ficus  berryana  Knowlton,  n.  sp. 

Ficus  arenacea  Lesquereux. 

Ficus?  apiculatus  Knowlton,  n.  sp. 

Aristolochia  brittoni  Knowlton,  n.  sp. 

Nelumbo  tenuifolia  (I^iesquereux)   Knowlton,   n. 

comb. 
Magnolia  marshalli  Knowlton,  n.  sp. 
Magnolia  lakesii  Knowlton,  n.  sp. 
Anona  coloradensis  Knowlton,  n.  sp. 
Anona  robusta  Lesquereux. 
Laurus  lanceolata  Knowlton,  n.  sp. 
Laurus  lakesii  Knowlton,  n.  sp. 
Laurus  wardiana  Knowlton. 
Malapoenna  louisvillensis  Knowlton,  n.  sp. 
Cinnamomum  afline  Lesquereux. 
Cinnamomum  laramiense  Knowlton,  n.  sp. 
Platanus  platanoides  (Lesquereux)  Knowlton. 
Legiuninosites?  coloradensis  Knowlton,  n.  sp. 
Leguminosites  coliunbianus  Knowlton,  n.  sp. 
Leguminosites?  laramiensis  Knowlton,  n.  sp. 
Mimosites  marshal lensis  Knowlton,  n.  sp. 
Cassia?  laramiensis  Knowlton,  n.  sp. 
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Gercis  eocenica  Lesquereux. 
CelastrinitQS  al|itU8  Knowlton,  n.  sp. 
Gelastiinites  eriensis  Knowlton,  n.  sp. 
Celastrinitee  cowanensis  Knowlton,  n.  sp. 
Negundo  brittoni  Knowlton,  n.  sp. 
Pistacia  eriensis  Knowlton,  n.  sp. 
Pistacia  hoUicki  Knowlton,  n.  sp. 
Ilex  laramiensis  Knowlton,  n.  sp. 
Ceanothus  eriensis  Knowlton,  n.  sp. 
Ceanothus  ovatifolius  Knowlton,  n.  sp. 
Rhamnus  goldianus?  Lesquereux. 
Rhamnus  salicifolius  Lesquereux. 
Rhamnus  minutus  Knowlton,  n.  sp. 
Rhamnus  marshallensis  Knowlton,  n.  sp. 
Rhamnus  belmontensis  Knowlton  and  Cockerell. 
Rhamnus  brittoni  Knowlton,  n.  sp. 
Rhamnus?  pealei  Knowlton,  n.  sp. 
Rhamnus  sp. 

?Paliurus  zizyphoides  Lesquereux. 
Zizyphus  coloradensis  Knowlton,  n.  sp. 
Zizyphus  hendersoni  Knowlton,  n.  sp. 
Zizyphus  corrugatus  Knowlton,  n.  sp. 
Zizyphus  minutus  Knowlton,  n.  sp. 
Apeibopsis?  laramiensis  Knowlton,  n.  sp. 
Comus  suborbifera  Lesquereux. 
Gornus  praeimpressa  Knowlton,  n.  sp. 
Gornus  sp. 

Hedera  lucens  Knowlton,  n.  sp. 
Dio6p3rro6  berryana  Knowlton,  n.  sp. 
Fraxinus?  prinretoniana  Knowlton,  n.  sp. 
Apocynophyllum  taenifolium  Knowlton,  n.  sp. 
Dombeyopsis  obtusa  Lesquereux. 
Dombeyopsis  trivialis  Lesquereux. 
Dombeyopsis?  sinuata  Knowlton,  n.  sp. 
Dombeyopsis  ovata  Knowlton,  n.  sp. 
Garpites  lakesii  Knowlton,  n.  sp. 
Garpites  lesquereuxiana  Knowlton,  n.  sp. 
Garpites  rhomboidalis  Lesquereux. 
Phyllites  leydenianus  Knowlton,  n.  sp. 
.  Phyllites  marshallensis  Knowlton,  n.  sp. 
Phyllites  trinervis  Knowlton,  n.  sp. 
Phyllites  dombeyopsoides  Knowlton,  n.  sp. 
Phyllites  sp. 
Phyllites  sp. 
Phyllites  sp. 
Palaeoaster?  similis  Knowlton,  n.  sp. 

BIOLOGIC  RELAtlONS  OF  lUE  FLORA. 

The  Laramie  flora  as  herein  set  forth  is  not 
an  especially  rich  one  as  regards  specific  forms, 
types  of  vegetation  represented,  or  individual 
specimens.  Most  of  the  plants  have  been 
found  in  more  or  less  direct  connection  with 
the  coal.  A  few  of  them  were  found  in  a 
fine-grained  sandstone  or  shale,  and  so  far  as 
they  are  retained  in  this  matrix  they  are 
fairly  well  preserved  and  admit  of  satisfactory 
study.  In  some  places  the  sandstone  matrix, 
although  fin^  grained,  is  so  hard  as  to  render 
it     difficult    to    procure    perfect    specimens, 


though  in  perhaps  the  most  fossiliferous  locali- 
ties the  matrix  is  a  rather  coarse-grained; 
soft  sandstone  that  crushes  or  breaks  so 
readily  that  good  material  is  the  exception. 
As  much  of  the  rock  disintegrates  rapidly  on 
exposure,  it  is  almost  impossible  to  procure 
identifiable  material  unless  it  happens  to  be 
collected  very  soon  after  it  is  brought  out. 
All  these  conditions  help  to  explain  why  so 
many  of  the  plants  appear  fragmentary. 

The  great  group  of  the  algae  is  represented 
by  a  single  more  or  less  doubtful  specimen 
that  has  been  referred  to  the  genus  Delesseria. 
This  is,  of  course,  a  very  inadequate  expres- 
sion of  the  algal  life  that  must  have  existed 
in  the  abundant  coal  swamps  and  streams  of 
the  time.  None  of  the  other  groups  of  lower 
plants  below  the  ferns — that  is,  fungi,  simple 
algae,  mosses,  hepatics,  etc. — are  repre- 
sented in  the  collections. 

The  ferns,  although  not  very  abundant  as 
individuals,  are  diversified  in  type,  being 
represented  by  8  genera  and  14  forms.  One 
of  the  most  interesting,  but  unfortunately 
also  one  of  the  most  fragmentary,  is  repre- 
sented by  the  form  for  which  the  genus  Phan- 
eropMehites  is  created.  Its  nervation  is  very 
similar  to  that  of  the  living  PJianerophlehia 
nobilis  (Aspidium  nobUe  Chamisso  and  Schlech- 
tendahl)  axid  PJianerophlehia  juglandifolia  (Will- 
denow)  J.  Smith,  both  from  Mexico.  What  is 
believed  to  be  the  fruiting  stage  of  an  Onodea 
is  represented  by  Onodea  fecunda,  a  form 
originally  described  as  Caulinites.  The  sterile 
leaves  of  this  form  have  not  been  detected. 
The  largest  representation  is  found  in  forms 
referred  to  Dryopterisy  of  which  there  are  five 
species.  Perhaps  the  finest  of  these  is  the  form 
here  named  Dryopteris  georgei^  which  must 
have  been  of  rather  imposing  size  and  appear- 
ance, as  the  pinnae  must  have  been  15  or  20 
centimeters  long  and  6  to  8  centimeters  wide. 
A  small,  rather  coriaceous  form  is  described  as 
Dryopteris?  carhonsnsis.  The  only  form  re- 
ferred to  Asplenitim  is  fragmentary,  but  to 
judge  from  the  portion  found  it  was  of  striking 
appearance;  it  appears  to  be  rather  closely  allied 
to  a  species  in  the  Vermejo  formation  of  the 
Raton  Mesa  region.  Pteris  is  represented  by 
two  forms,  neither  of  which,  however,  is  very 
well  preserved.  The  Schizaeaceae  are  repre- 
sented by  a  single,  rather  doubtful  species  of 
Lygodium    and    three    forms    of    Anemia.     A 


THE  FI^ORA. 


97 


single  species  of  Equisetum  represents  the 
Equisetaceae. 

The  conifers  appear  to  have  been  an  unim- 
portant element^  as  regards  both  forms  and 
individuals,  in  this  flora,  being  represented  by- 
only  two  genera  and  four  forms.  Of  these 
Dammara  is  represented  by  a  single  frag- 
mentary scale  and,  of  course,  is  of  little  im- 
portance. The  species  of  Sequoia  are  repre- 
sented by  several  leafy  branchlets. 

The  only  example  belonging  to  the  Cyca- 
daceae  is  a  beautifully  preserved  small  trunk 
now  referred  to  Cycadeoidea,  but  imfortu- 
nately  its  exact  horizon  is  open  to  question. 

The  monocotyledons  were  apparently  not 
an  abundant  element  during  the  Cretaceous 
period,  and  the  Laramie  flora  is  no  exception, 
though  the  number  and  variety  present  are 
rather  greater  than  might  have  been  expected. 
There  are,  for  example,  three  forms  of  sedge- 
like plants  described  under  the  name  Cyperor 
citeSf  and  a  single  grass  with  strong,  reedlike 
stems,  designated  PhragmiteSj  that  must  have 
been  a  striking  denizen  of  the  swamps.  The 
flora  contains  also  a  fairly  well-marked  leaf  of 
a  SmilaXj  and  two  species  of  palms,  one  of 
which  at  least  had  leaves  of  large  size  and 
imposing  appearance. 

The  dicotyledons  were,  of  course,  the  most 
abundant  and  diversified  elements  of  this 
flora.  Beginning  with  the  lower  or  apetalous 
groups,  we  have  five  species  of  Juglans  known 
from  the  leaves,  and  two  of  Hicoria  known 
from  the  fruits.  The  waxberries  were  repre- 
sented by  three  or  four  forms  of  Myrica,  and 
the  willows  by  the  species  of  SoZix,  some  of 
which  were  individually  abundant.  One  spe- 
•  cies  of  Popvlus  is  described,  though  it  is  neither 
abundant  nor  very  well  marked.  The  oaks 
are  represented  by  four  forms  of  Quercus,  one 
of  which  {Q.  praeangustiloba)  was  a  deeply 
lobed  leaf  of  modem  appearance. 

The  large,  mainly  tropical  family  Moraceae 
was  apparently  an  abundant  and  diversified 
element,  embracing  two  species  of  Artocarpus 
or  breadfruit  that  possessed  very  strongly 
marked  leaves  and  21  species,  of  Fiats.  The 
figs  were  not  only  more  abundant  in  species 
but  also  in  individuals,  as  there  is  hardly  a 
collection  that  does  not  contain  from  one  to 
several  species.  A  number  of  the  species  have 
leaves  of  large  size. 


Aristolochia  was  represented  by  a  single 
species  with  leaves  of  much  the  same  shape  as 
two  well-known  European  forms.  In  both 
form  and  nervation  it  approaches  an  American 
species  (A.  sipho).  To  the  Nyjnphaeaceae 
is  referred  a  fine  species  of  Ndumbo  with 
large  peltate  leaves. 

The  Magnoliaceae,  although  represented  by 
two  species  of  Magnolia,  were  neither  abundant 
nor  of  especially  striking  aspect,  as  the  small 
leaves  indicate. 

The  Lauraceae  embrace  three  genera  and 
five  species — Laurus  with  two,  Malapoenna 
with  one,  and  Cinnamomam  with  two.  Cinna" 
momum  affine  was  abundant  and  widely  dis- 
tributed. 

The  PlatanaQeae  were  very  poorly  repre- 
sented, there  being  only  one  small-leaved  form 
and  a  doubtful  fragment  not  specifically 
named.  The  named  species  {Plaianu8  plata- 
noides)  was  first  referred  to  Vihumum^  and  its 
reference  to  Plaianua  is  not  positively  authen- 
ticated. 

The  Leguminosae  are  supposed  to  be  repre- 
sented by  three  forms  of  Leguminosites,  one  of 
Mimositesj  and  a  very  doubtful  Cercis.  The 
two  forms  of  Celustrinites  and  one  of  Negundo 
show  little  of  special  biologic  interest.  There 
are  three  forms  of  ComuSj  two  each  of  Anona 
and  Pistacia,  four  of  Dombeyopsis,  and  one 
each  of  Fraxinus,  Apoq/nophyUum,  Hedera, 
and  Ilex,  Of  the  more  or  less  indefinite 
Carpites  there  are  four,  and  of  PJiyllites  about 
seven  forms. 

ECOLOGIC  RELATIONS  OP  THE  FLORA. 

After  having  briefly  reviewed  the  Laramie 
flora,  we  are  in  position  to  draw  at  least  tenta- 
tive conclusions  regarding  the  ecologic  condi- 
tions which  appear  to  have  existed  during 
Laramie  time.  As  I  have  had  occasion  to 
remark  in  another  similar  connection: 

In  estimating  the  value  of  individual  organisms  in  an 
inquiry  of  this  liind,  dependence  must  of  course  be  placed 
on  our  knowledge  of  present-day  requirements,  and  in  this 
there  is  always  the  possibility  of  error  from  two  sources, 
namely,  (1)  the  organism  may  not  have  been  correctly 
placed  biologically,  and  (2)  the  requirements  in  past 
geologic  time  may  not  have  been  the  same  as  those  which 
now  dominate  the  life  activities  of  its  supposed  analogue. 
However,  when  all  of  the  elements  of  a  flora  appear  with 
apparent  unanimity  to  point  in  the  same  direction,  the 
liability  to  serious  error  is  minimized  if  not  eliminated. 
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The  presence  of  very  considerable  veins  of 
coal,  which  occur  mainly  in  the  lower  portion 
of  the  formation,  undoubtedly  calls  for  wide- 
spread and  long-continued  swamp  or  marsh 
conditions.  David  White,*  in  speaking  of  the 
physiographic  conditions  attending  the  forma- 
tion of  coal,  said: 

The  enormous  horizontal  extent  of  q^any  of  the  coal 
g'oups  as  indicated  by  the  remnants  now  found  in  basins 
detached  as  the  result  of  folding  and  erosion,  the  demon- 
strated continuity  of  some  of  the  individual  coal  beds  over 
areas  of  amazing  size,  the  high  degree  of  parallelism  of  the 
beds,  and  the  recognition  that  the  coal  beds  were  laid  down 
beneath  a  water  cover  join  in  predicating  the  existence,  at 
the  tin:e  the  coal  was  being  formed,  of  vast  swamps  and 
broad  but  shallow  lagoonal  areas  subject  to  subsidence  at  a 
generally  slow  rate. 

The  above  is  known  as  the  autocthonous 
(formed  in  place)  hypothesis  of  the  origin  of 
coal.  It  is  but  fair  to  state,  however,  that  the 
allocthonous  (transported)  hypothesis,  which 
argues  that  much  of  the  coal  may  have  been 
formed  by  floating  and  sedimentation  at  the 
bottom  of  open  lakes  or  lagoons,  has  still  an 
occasional  advocate.  In  a  recent  article  on 
'*The  mode  of  origin  of  coal''  E.  C.  Jeffrey  »^ 
set  forth  the  results  of  the  microscopic  exami- 
nation of  great  numbers  of  coals  from  all  parts 
of  the  world  and  from  horizons  ranging  from 
Devonian  to  Tertiary.  He  held  that  he  is  able 
to  distinguish  the  relatively  few  types  that  ap- 
pear to  have  been  formed  under  peat-swamp 
conditions  and  asserted  that  the  vast  majority 
give  evidence  of  deposition  in  open  water. 
''Coal  is  not  a  compost  heap  but  a  sedimentary 
deposit,''  he  concluded.  Be  this  as  it  may,  it  is 
not  within  the  scope  of  the  present  paper  fur- 
ther to  discuss  the  origin  of  coal. 

Concerning  the  interpretation  of  the  climates 
of  the  coal-forming  periods,  White  said : 

It  will  be  seen  that  during  the  times  of  deposition  of  most 
of  the  principal  coal  groups  the  climate  has  been  charac- 
terized by  (1)  general  mildness  of  temperature,  approach- 
ing in  most  cases  tropical  or  subtropical  conditions;  (2)  con- 
spicuous equability  or  approximation  to  uniformity  of 
climatic  conditions,  which,  with  few  exceptions,  appear 
to  have  lacked  cold  winters  or  severe  frosts;  (3)  a  generally 
high  humidity,  the  rainfall  being  from  moderately  heavy 
to  very  heavy  and  fairly  well  distributed  during  the  yea*", 
though  in  many  cases  there  is  evidence  of  the  occurrence 
of  dry  periods,  which,  however,  seem  ordinarily  to  have 
been  comparatively  short  and  not  severe;  (4)  an  amazingly 

»  White,  David,  and  Thleven,  Reinhardt,  The  origin  of  coal:  Bur. 
Mino<  Bull.  38,  p.  63.  1913. 
'•  Jour.  Geology,  vol.  23,  pp.  218-231,  1915. 


wide  geographical  distribution  of  these  genial  and  equal  le 
cLimatiM. 

To  repeat,  then — the  abundant  presence  of 
coal  in  the  Laramie  of  the  Denver  Basin 
offers  in  itself  sufficient  proof  of  the  existence 
of  long-continued,  relatively  uniform  swamp 
or  marsh  conditions.  According  to  currently 
accepted  theories  a  lai^er  percentage  of  all 
coals  were  formed  by  accumulations  of  vege- 
table matter  under  conditions  similar  to  those 
existing  in  a  modem  peat  swamp.  The  types 
of  vegetation  that  contributed  te  the  for- 
mation of  the  coals  depend  of  course  upon  the 
geologic  period  during  which  they  were  laid 
down;  but  whatever  the  age,  the  process  is 
believed  to  have  been  essentially  identical 
throughout. 

We  may  now  examine  the  plants  found  in 
the  flora  under  discussion  to  ascertain  if 
possible  which  of  its  members  appear  to 
demand  a  habitat  that  would  make  it  a 
potential  contribution  to  or  at  home  in  such  a 
peat-producing  environment.  The  sedgelike 
plants  described  as  Cyperacites  might  very 
well  have  found  a  home  in  such  a  swamp,  and 
the  tall,  canelike  grass  PhragmiUs  is  notably 
such  a  swamp-loving  plant.  Smilax — or  at 
least  the  form  to  which  the  Laramie  species 
seems  to  be  related — is  essentially  a  denizen  of 
swamps  and  low  places,  where  it  often  forms 
dense  tangles.  Equally  at  home  in  or  about  a 
swamp,  or  along  adjacent  watercourses,  would 
be  found  the  waxberries  (Myrica),  willows,  and 
poplars,  while  the  shallow,  quiet  waters 
furnished  a  congenial  surrounding  for  the 
floating  leaves  of  Nelumbo.  Among  the  ferns 
there  are  several,  such  as  Onodea^  Lygodium, 
and  Anemia,  that  might  well  have  found  a 
home  in  or  near  swnmpy  or  low  ground,  while 
the  others,  including  Asplenium,  Dryopteris, 
etc.,  demand  shade  and  moisture  such  as  is 
afforded  in  or  adjacent  to  low  ground. 

If  the  data  have  been  correctly  interpreted, 
the  Moraceae  formed  the  most  conspicuous 
group  in  this  flora,  comprising  two  genera  and 
nearly  25  species.  Of  these  Ariocarfnis  is 
represented  by  two  very  well-marked  forms. 
The  members  of  this  genus  at  the  present 
time  demand  a  warm,  moist  habitat  such  as 
might  be  afforded  by  the  swamp  we  are 
predicating.  In  the  same  way  the  several 
species  of  Ficus  call  for  like  conditions.  This 
great  swamp  may  well  have  harbored  also  the 
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two  Magnolias,  the  Fraxinua,  and  possibly  the 
Zuyphiis,  ^nd  about  its  border  the  two  palms 
may  have  had  their  home. 

The  conifers  do  not  offer  very  definite 
evidence  and,  moreover,  are  so  rare  in  individ- 
uals that  they  could  hardly  have  been  a  con- 
spicuous element.  It  is  probable  that  they 
grew  on  adjacent  higher  ground  and  found 
their  way  into  the  deposits  through  the  agency 
of  streams.  Growing  with  them  on  higher 
ground  may  well  have  been  the  Comus, 
Quercvs,  Juglans,  Hicoria,  Rhamnus,  Hedera, 
Ilex,  etc.,  which  complete  the  picture. 

We  may  now  proceed  to  draw  some  perhaps 
tentative  conclusions  as  to  the  climatic  con- 
ditions under  which  the  Laramie  flora  mav  be 
presumed  to  have  existed.  From  the  abundant 
presence  of  coal  and  the  apparent  require- 
ment's of  the  majority  of  the  plants  enumerated, 
it  is  beyond  question  that  there  must  have 
been  an  abundance  of  moisture.  It  also 
appears  naturally  to  follow  from  the  presumed 
requirements  of  the  flora  that  the  climate  was 
warm,  at  least  warm  temperate. 

GEOLOGIC  RELATIONS  OF  THE  FLORA. 

Naturally  one  of  the  most  interesting  and 
important  phases  of  this  study  of  the  Laramie 
flora  is  the  bearing  it  may  have  on  the  inter- 
pretation of  the  age  and  stratigraphic  relations 
of  the  beds  in  which  it  occurs.  As  has  been 
so  abundantly  shown  in  the  section  on  the  his- 
torical treatment  of  the  term  Laramie,  this 
term  has  been  so  bandied  about  that  at  one 
time  its  significance  as  a  stratigraphic  designa- 
tion had  been  practically  lost  or  at  least  greatly 
obscured.  Much  of  the  earlier  paleobotanic 
work  on  the  flora  was  rendered  unavailable  for 
the  reason  that  practically  every  student  had 
a  different  concept  of  the  Laramie,  and  this 
could  only  lead  to  irreconcilable  confusion. 
The  present  study  was  undertaken  in  the  hope 
that  by  taking  a  comparatively  small  area  and 
thoroughly  working  up  its  flora,  data  might 
be  obtained  that  would  serve  as  a  basis  for 
comparison  elsewhere.  It  remains  to  be  seen 
how  far  this  desire  has  been  realized. 

The  flora  of  the  Laramie  in  the  Denver  Ba- 
sin comprises  129  forms,  of  which  74  are  here 
described  as  new  to  science,  8  forms  have  been 
regarded  as  too  fragmentary  of  obscure  to  war- 
rant being  named  specifically,  and  47  forms 
have  been  previously  named  and  described.     It 


is  to  be  noted,  however,  that  although  the  pro- 
portion of  new  forms  may  seem  to  be  large, 
manv  of  them  have  been  known  to  the  writer 
for  years;  in  fact,  the  descriptions  of  perhaps 
more  than  half  of  them  have  been  in  manu- 
script since  about  1S95  and  have  been  utilized 
in  discussions  of  this  and  related  floras. 

BELATIOKS  TO  THE  MONTANA  FORMATIONS. 

The  Laramie  flora,  as  might  perhaps  be  ex- 
pected, is  on  the  whole  most  closely  related, 
either  by  identical  or  obviously  related  spe- 
cias,  to  the  Montana  flora,  yet  with  adequate 
collections  there  should  be  no  difliculty  in  sepa- 
rating them.  As  the  unconformity  which  sepa- 
rates the  Laramie  from  the  Arapahoe  and  Den- 
ver formations  is  believed  to  be  the  same  as 
that  which  separates  .the  Vermejo  from  the 
overlying  Raton  formation  in  the  Raton  Mesa 
region,  it  might  be  presumed  that  there  should 
be  a  close  correspondence  between  the  Laramie 
and  the  Vermejo.  but  a  critical  study  of  the 
floras  doe^  not  bear  out  this  presumption.  At 
first  it  was  thought  that  only  a  single  species 
{Rhammis  salicifolius)  was  common  to  the  two 
formations,  but  later  study  discloses  the  fact 
that  there  are  five  or  six  species  that  occur  in 
both.  Inasmuch  as  there  are  106  species  in 
the  Vermejo  and  129  in  the  Laramie,  however, 
the  relationship  obviously  is  not  very  strong. 
The  species  in  common  are  as  follows : 

Reiuoia  reichenbachi  (Geinitz)  Heer. 
Sabal  moatana  Knowlton. 
Myrica  torreyi  Lesquereux. 
Ficus  dalmatica  Ettingshausen. 
Ficufl  trinervis  Knowlton. 

■ 

Rhamnus  salicifolius  Lesquereux. 

Of  these  species.  Sequoia  reichenbaxihi  has  an 
almost  worldwide  distribution  and  ranges  in 
age  from  Jurassic  to  Upper  Cretaceous,  and  it 
is  therefore  of  no  importance  as  a  close  horizon 
marker.  The  known  presence  of  this  species 
in  the  Laramie  rests  on  a  few  more  or  less 
doubtful  fragments,  though  if  correctly  identi- 
fied its  rarity  has,  of  course,  no  bearing  in  the 
present  consideration.  Sabal  montana  is  a 
very  large  leaved  species,  perhaps  the  largest- 
leaved  Rocky  Mountain  form,  and  as  a  con- 
sequence it  is  rather  rarely  found  in  perfect 
condition.  There  is  little  doubt,  however, 
that  it  occurs  in  both  Vermejo  and  Laramie. 
Myrica  torreyi,  though  occurring  mainly  in  the 
Montana,  is  a  widely  ranging  form  and  has  even 
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been  found  in  beds  above  the  unconformity. 
Rhamnus  saliciformis  was  described  originally 
from  specimens  obtained  in  the  Laramie  and 
has  subsequently  been  found  in  the  Montana 
at  a  number  of  horizons.  The  two  species  of 
Fictis  are  well-marked  forms  and  probably 
have  been  correctly  identified  in  both  areas. 

In  addition  to  the  flora  of  the  Vermejo, 
which  is  of  course  of  Montana  age,  it  may  be  of 
interest  to  compare  the  Laramie  flora  with  the 
Montana  flora  as  a  whole.  The  following 
species  are  common  to  the  two : 

Anemia  elongata  (Newberry). 
? Anemia  supercretacea  HoUick. 
Sequoia  reichenbachi  (Geinitz)  Heer. 
Sequoia  longifolia  (Lesquereux)  Knowlton. 
Sabal  montana  Knowlton. 
Myrica  torreyi  Lesquereux. 
Ficus  dalmatica  Ettingshausen. 
Ficus  praetrinervis  Knowlton. 
Ficua  planicostata  Lesquereux. 
Rhamnus  salicifolius  Lesquereux. 

In  addition  to  the  species  that  are  regarded 
as  actually  identical  in  the  Laramie  and  Mon- 
tana floras,  there  are  two  that  are  obviously 
related  to  Montana  species,  as  follows: 

Palaeoaster?    similis,  aff.  P.  inquirenda. 
Artocarpus  liriodendroides,  aff.  A.  dissecta. 

RELATIONS  TO  T^E  "LOWER  LARAMIE"  OF 
CARBON  COTTNTY,  WTO. 

One  of  the  most  interesting  results  brought 
out  by  this  study  is  the  close  relation  that  is 
shown  to  exist  between  the  flora  of  the  Laramie 
in  the  Denver  Basin  and  the  flora  of  the  so- 
called  *' Lower  Laramie"  (now  the  Medicine 
Bow  formation)  of  Carbon  County,  Wyo.,  and 
adjacent  areas.  The  flora  of  the  *' Lower  Lar- 
amie" at  present  known  is  confined  in  the  main 
to  the  lower  300  or  400  feet  of  beds,  and  though 
it  has  not  yet  been  fully  exploited,  the  follow- 
ing forms  at  least  are  known  to  occur: 

Apeibopsis  discolor  Lesquereux. 

Aristolochia  sp. 
*Artocarpus  lessigii  (Lesquereux)  Knowlton. 

Oarpites  sp. 
^Cassia  marshallensis  Knowlton. 

Geanothus?  sp. 

*Cinnamomum  affine  Lesquereux. 
*Cyperacites  sp .  ? 

Daphnogene  elegans  Watelet. 

Diospyros?  ficoidea  Lesquereux. 
*Dombeyopsis  obtusa  Lesquereux. 
*Dombeyopsis  trivialis  Lesquereux. 

Dryophyllum  of.  D.  aquamarum  Ward. 

Dryophyllum  bruneri  Ward. 


*PryopteriB'  carbonensis  Knowlton. 
Equisetum,  tubers  of. 
*Ficus  arenacea  Lesquereux. 
*Ficus  impressa. 
*Picus  cockerelli  Knowlton. 
*FicuB  navicularis  Gockerell. 
^Ficus  planicostata?  Lesquereux. 
*Ficu8  praetrinervis  Knowlton. 

Ficus  sp.,  new. 

Ficus?  sp. 
^Sequoia  longifolia  Lesquereux. 

Geonomitcs  cf.  G.  ungeri  Lesquereux. 
Ilex?  sp. 

*JuglanB  praerugosa. 
*Laurus  wardiana  Knowlton. 

Mimosites?  sp. 

Mimosa  sp.7 
*Myrica  torreyi  Lesquereux. 

Paliurus  zizyphoides? 

Paimoxylon  sp.,  new? 
*Pecopteris  sepulta  Newberry  cf.  HoUick. 
*Phyllites  sp. 

Pistia  corrugata?  Lesquereux. 

Platanus  marginata'  (Lesquereux)  Heer. 
*Platanus  platanoides  (Lesquereux)  Knowlton. 
^Rhamnus  elegans  Newberry. 
*Rhamnus  saliciformis  Lesquereux. 
*Sabal  montana  Knowlton. 
*Salix  elongata?  Al.  Braun. 

Salix  sp. 
^Sequoia  reichenbachi  (Geinitz)  Heer. 

Sequoia  sp.  «» 

Woodwardia,  new,  nearest  to  W.  crenata  Knowlton. 
*2^zyphus  minimiis  Knowlton. 

An  analysis  of  the  above  list  shows  that  it 
contains  48  forms,  of  which  26,  marked  with 
an  asterisk  in  the  list,  are  named  species  having 
a  distribution  outside  this  area.  Of  these 
26  species  no  less  than  25  are  found  also  in  the 
Laramie  of  the  Denver  Basin,  and  it  therefore 
seems  legitimate  to  conclude  that  the  age  of 
the  beds  is  the  same  in  the  two  areas.  As  set 
forth  at  length  on  page  60,  the  section  of  '^  Lower 
Laramie"  rocks  has  a  thickness  of  about  6,000 
feet.  According  to  Veatch,  this  thick  section 
is  separated  from  the  overlying  beds  (now 
called  the  Ferris  formation)  by  an  unconformity 
which  he  regarded  as  profound,  because  it  was 
believed  to  have  involved  the  removal  of  more 
than  20,000  feet  of  sediments.  This  uncon- 
formity was  presumed  to  be  the  same  as  that 
which  separates  the  Laramie  from  the  over- 
lying Arapahoe  and  Denver  formations  in  the 
Denver  Basin,  but  as  a  result  of  later  work 
Bowen  would  place  this  unconformity  at  the 
top  of  the  Ferri«  formation  and  not  at  its  base, 
though  not  denying  the  possibility  of  an  un- 
conformitv  at  the  base  of  the  Ferris.     That 
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this  may  be  the  correct  interpretation  finds 
physiographic  support  in  a  paper  read  by  W.  T. 
Lee"  before  the  Geological  Society  of  Wash- 
ington, entitled  ''Relation  of  the  Cretaceous 
formations  to  the  Rocky  Mountains. ''  In  this 
paper  data  were  presented  to  show  that  the 
entire  marine  Upper  Cretaceous  section  was  laid 
down  uninterruptedly  over  the  area  now  occu- 
pied by  the  Rocky  Mountains.    Lee  held 

that  the  Cretaceous  sedimentfl  of  the  Rocky  Mountain 
region  came  mainly  from  the  continental  land  maas  that 
lay  west  of  the  interior  sea  during  Cretaceous  time.  ♦  ♦  * 
Comparisons  of  published  sections  viewed  in  the  light  of 
personal  observation  in  the  field  indicate  that  the  Cre- 
taceous formations  on  opposite  sides  of  the  mountains  and 
in  the  intermontane  basins  are  comparable  in  thickness, 
character,  and  stratigraphic  succession.  ♦  ♦  ♦  It  seems 
probable  that  the  interior  Cretaceous  basin,  which  includes 
the  present  Rocky  Mountain  areas,  was  a  great  geosyncline 
in  which,  until  near  the  close  of  the  Cretaceous,  the  main 
movement  was  downward,  with  minor  warpings.  It  also 
seems  probable  that  there  was  no  effective  barrier  in  the 
relatively  small  area  now  occupied  by  the  mountains  to 
prevent  the  uniform  spread  of  sediments  derived  from  the 
continental  mass  west  of  the  Cretaceous  sea. 

If,  as  Lee  contended,  the  entire  marine 
Upper  Cretaceous  section  was  laid  down  over 
the  Rocky  Mountain  area,  there  is  every  reason 
to  suppose  that  the  Laramie  was  also,  for  it  is 
everywhere  conformable  with  the  marine  beds 
on  wliich  it  rests;  indeed,  the  definition  of  the 
Laramie — as  the  uppermost  member  of  the 
conformable  Cretaceous  section  above  the  Fox 
Hills — demands  that  it  be  considered  with  the 
marine  portion  of  the  section.  With  the  up- 
lifting of  the  Rocky  Mountains  came  erosion 
and  unconformity.  In  the  Denver  Basin  the 
Laramie  has  a  maximum  thickness  of  approxi- 
mately 1,200  feet,  but  90  miles  to  the  south, 
in  the  Colorado  Springs  area,  it  is  reduced  to 
less  than  400  feet,  and  in  the  Raton  Mesa 
region  the  Laramie  has  entirely  disappeared 
and  the  Eocene  (Raton  formation)  there  rests 
on  the  Montana'  (Vermejo  formation).  In 
North  Park,  Colo.,  the  Laramie  is  not  known 
to  be  present,  but  in  Carbon  County,  Wyo., 
the  **  Lower  Laramie '^  occupies  the  same 
stratigraphic  position  as  the  Laramie  of  the 
Denver  Basin  and  has  a  thickness  of  several 
thousand  feet.  The  strong  similarity  of  the 
floras  of  the  Medicine  Bow  and  the  Laramie  of 
the  Denver  Basin  is  interpreted  as  evidence  of 
identity  in  age. 

"  WaihlnictonAcad.Scl.  Jour.,  vol.5,  pp.  29-3 \  1915:  U.  S.  Geol.  Sur- 
vey Prof.  Paper  95,  pp.  27-58,  1915. 


For  an  account  of  the  latest  interpretation 
of  the  stratigraphic  relation  in  Carbon  County 
as  worked  out  by  Bowen.  the  reader  is  referred 
to  page  60. 

It  remains  to  be  pointed  out  that  the  fossil 
plants  support  the  contention  of  Veatch, 
perhaps  as  modified  by  Bowen,  namely,  that 
there  are  some  5,000  or  6,000  feet  of  beds  in 
the  '^ Lower  Laramie,"  and  that  this  portion, 
at  least,  is  of  the  same  age  as  the  true  Laramie 
of  the  Denver  Basin.  In  my  opinion  the 
'^ Lower  Laramie"  is  not  Lance.  On  the  otter 
hand  I  believe  that  the  Lance  is  to  be  corre- 
lated with  a  part  of  the  *  *  Upper  Laramie "  of 
this  region,  a  view  supported  by  the  plants 
and  in  the  main  by  the  vertebrates  also. 

RELATIONS  TO  THE  DENVEB  FOBMATIOH. 

The  following  species  are  common  to  the 
Laramie  and  Denver  formations: 

Sequoia  acuminata  Lesquereux. 

Quercus  vibumifolia  Lesquereux. 

Ficus  coloradensis  Oockerell. 

Ficufl  denveriana?  Gockerell. 

Nelumbo  tenuifolia  (Lesquereux)  Knowlton. 

Dombeyopsis  obtuaa  Lesquereux. 

Laurus  wardiana?  Knowlton. 

Paliurus  zizyphoides?  Lesquereux. 

Rhamnus  salicifolius  Lesquereux. 

The  flora  of  the  Denver  formation,  numbers 
about  98  named  and  described  species^  but  in 
addition  to  these  there  are  a  number  of  others 
in  manuscript  or  otherwise  recognized,  which 
will  bring  the  total  number  up  to  about  225. 
Nine  species  in  common  is  really  a  very  small 
number. 

The  status  of  the  several  species  in  this  list 
may  be  briefly  considered.  Sequoia  acuminata 
wa3  described  originally  from  specimens  ob- 
tained at  Black  Buttes,  Wyo.  Its  presence  in 
the  Laramie  of  the  Denver  Basin  rests  on  a 
single,  rather  doubtful  fragment  found  at 
Cowan  station,  near  Denver,  and  its  presence 
in  the  Dawson  arkose  rests  on  a  specimen 
found  near  Templeton  Gap,  4  miles  nprtheast 
of  Colorado  Springs.  Ficus  coloradensis  is  one 
of  the  most  satisfactorily  identified  of  the  spe- 
cies occurring  in  both  Laramie  and  Denver  in 
the  Denver  Basin.  The  types  are  preserved 
in  the  characteristic  andesitic  material  from 
Golden,  Colo.,  and  it  has  been  found  in  subse- 
quent collections  from  the  same  horizons.  It 
occurs  in  the  Laramie  at  Marshall  and  H  miles 
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south  of  Golden.  A  discussion  of  its  reported 
presence  at  Point  of  Rocks  and  Black  Buttes, 
Wyo.,  will  be  found  in  the  systematic  treat- 
ment of  the  species  (p.  134).  Ficus  denveriana 
(F,  spectahUis  Lesquereux)  is  essentially  a 
Denver  species,  and  its  occurrence  in  the  Lara- 
mie depends  on  a  doubtfully  determined  leaf 
from  Popes  Bluff,  near  Colorado  Springs. 
Dombeyopsis  obtusa  was  first  obtained  from  the 
Laramie  at  Popes  Bluff  and  has  since  been 
noted  in  the  Laramie  at  Coal  Creek,  Marshall, 
Hoyt's  mine,  south  of  Golden,  and  Crow  Creek, 
northeast  of  Greeley;  in  the  Dawson  arkose  at 
Pulpit  Rock;  and  in  the  Denver  at  the  Douglas 
coal  mine,  Sedalia.  Though  it  is  more  abundant 
in  the  Laramie  it  is  undoubtedly  present  in  the 
post-Laramie  beds  as  above  indicated.  Lau- 
ras wardiana  is  a  rare  species,  known  posi- 
tively only  from  a  single  leaf  from  Golden  and 
questionably  in  the  supposed  Dawson  near 
Mosby,  Colo.  Paliurus  zizyphoides  was  estab- 
lished on  material  from  Black  Buttes,  Wyo., 
and  was  reported  by  Lesquereux  to  have  been 
found  also  in  the  Laramie  at  Erie  and  the  sup- 
posed Laramie  at  Sand  Creek,  Colo.,  but  no 
specimens  from  these  localities  are  known  to 
exist.  Rhamnus  salicifolius  was  described  from 
material  obtained  in  the  Laramie  at  Marshall 
and  has  since  been  found  at  Cowan  station,  near 
Denver.  Its  presence  in  the  DaWson  arkose 
depends  6n  specimens  from  Temple  ton  Gap, 
near  Colorado  Springs.  It  also  occurs  in  the 
Vermejo  formation,  the  Montana  group  of 
Wyoming,  and  elsewhere. 

RELATIONS  TO  THE  ARAPAHOE  FORMATION. 

Before  it  will  be  possible  to  consider  any 
relation  between  the  flora  of  the  Laramie  and 
that  of  the  Arapahoe,  it  will  be  necessary  to 
review  \(ith  some  care  the  present  status  of 
knowledge  concerning  the  Arapahoe  flora. 
According  to  Eldridge,  on  whom  largely  de- 
volved the  task  of  studying  the  Arapahoe 
formation  for  the  Denver  Basin  monograph, 
the  formation  was  found  to  contain  poorly 
preserved  fossil  leaves  at  a  number  of  localities 
within  the  Denver  region,  but  no  determinable 
species  were  collected.  Only  two  localities 
were  known  from  which  determinable  plants 
supposed  to  be  of  Arapahoe  age  have  been  re- 
ported— Sand  Creek,  east  of  Denver,  and  the 
vicinity  of  the  Douglas  coal  mine,  Sedalia, 
about  20  miles  south  of  Denver. 


Some  9  or  10  species  of  plants  are  recorded 
as  having  come  from  the  Sand  Creek  locality, 
all  of  which  were  obtained  by  the  earlier 
workers  in  this  field — that  is,  probably  about 
1873.  Considerable  uncertainty  has  existed  as 
to  the  exact  locality  whence  these  plants  came, 
but  apparently  important  light  is  thro¥ni  on 
this  point  by  a  chance  statement  made  by  A.  R. 
Marvine  '*  in  his  paper  on ''  The  geology  of  Mid- 
dle Park,"  which  on  account  of  its  importance 
is  quoted  entire  below. 

East  of  Denver,  in  T.  4  S.,  and  probably  between  R0. 
65  and  66  W.,  a  shaft  has  been  sunk  for  some  depth  in  a 
high  bank  on  the  south  side  of  Sand  Creek  but  is  now 
abandoned.  The  coal  also  outcrops  on  the  bank  and  there 
appears  as  of  very  poor  quality.  Fossil  leaves  are  abun- 
dant. 

It  was  near  here  that  the  first  discoveries  of  coal  were 
made  in  Colorado,  and  the  stream  at  this  point  ib  often 
known  as  Coal  Creek,  though  called  Sand  Creek  further 
down.  The  latter  name  should  be  retained,  to  prevent 
confusion  between  this  and  the  better-known  Coal  Creek 
on  the  west  side  of  the  Platte. 

About  4  miles  to  the  north,  near  Box  Elder,  on  the  Kansas 
Pacific  Railroad,  in  R.  66  W.,  T.  3  S.,  sec.  28  (?),  and 
probably  at  the  same  horizon  as  the  last,  are  two  shafts 
which  reach  coal  and  on  which  work  has  been  done  now 
and  then  for  some  years.  It  is  probably  in  one  of  these 
three  shafts  that  the  following  section  was  made  by 
Mr.  E.  B.  Mally  (quoted  by  Lesquereux  in  Hayden^s 
report  for  1872,  p.  327),  and  which  seems  to  give  an  idea 
of  the  strata  near  here.    ♦    ♦    ♦ 

The  work  was  abandoned  on  account  of  the  poor  quality 
of  the  coal. 

That  the  above-indicated  plant-bearing  hori- 
zon is  probably  the  important  one  in  the  present 
consideration  was  still  further  indicated  by 
Marvine,  who,  after  mentioning  a  number  of 
coal  openings  in  another  direction  from  Denver, 
said:  **The  only  others  I  have  heard  of  lie 
from  15  to  17  miles  east  of  Denver  City  and  near 
the  Box  Elder  station  on  the  Kansas  Pacific 
Railroad.  '*  The  assumption  seems  to  be 
justified,  therefore,  that  the  plants  labeled 
**Sand  Creek"  probably  came  from  this  area. 

In  Lesquereux *s  *' Tertiary  flora''  the  fol- 
lowing data  are  recorded  concerning  six  of  the 
species  reported  to  have  come  from  Sand  Creek: 

Lastrea  (G.)  polypodiodes.    Sand  Creek  (W.  H.  Holmes). 
Gymnogramma  gardneri.    Hoof  of  a  coal  mine,   Sand 

Creek  (A.  Gardner). 
Equisetum  laevigatum.    Sand  Creek,  8  feet  above  coal 

(W.  H.  Holmes). 
Eriocaulon?  porosum.    Sand  Creek  (W.  H.  Holmes)  with 

leaves  of  Nelumbium. 

"  U.  S.  Geol.  and  Geog.  Survey  Terr.  Kept,  for  1873,  pp.  120, 121, 1874. 
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Nelumbium  tenuifolium.    Sand  Creek,  Colorado  (Prof.  A. 

Gardner). 
QuercuB  viburnifolia.    Sand  Creek  (A.  R.  Marvine). 

These  species  are  similarly  recorded  in  the 
catalogue  of  fossil  plants  in  the  United  States 
National  Museum,  in  Lesquereux  's  own  hand- 
writing, so  it  may  be  presumed  that  the  state- 
ments are  correct,  at  least  so  far  as  his  informa- 
tion went.  The  species  obtained  by  Marvine 
was  doubtless  collected  on  the  occasion  of  his 
visit  there  in  1873,  but  no  data  are  available 
as  to  the  date  on  which  the  two  species  ac- 
credited to  Prof.  Gardner  were  collected. 
W.  H.  Holmes  assisted  Marvine  in  his  geo- 
logic work  in  1873,  and  the  plants  recorded 
as  having  been  collected  by  him  were  probably 
obtained  at  that  time,  but  on  consultation 
with  Prof.  Holmes  I  find  that  hB  has  now  no 
recollection  of  having  collected  the  plants,  or, 
indeed,  of  having  visited  any  coal  mines  east 
of  .Denver.  This  injects  another  element  of 
uncertainty  into  the  already  sufficiently  com- 
plicated matter,  but  we  shall  probably  never 
come  any  nearer  to  a  complete  explanation. 
To  sum  up,  it  appears  in  its  final  analysis  that 
we  do  not  know  the  precise  locality  for  a  single 
one  of  these  Sand  Creek  plants,  though  in  all 
reasonable  probability  they  apparently  came 
from  the  vicinity  of  the  coal  openings  on  Coal 
or  Sand  Creek  about  15  miles  east  of  Denver; 
but  as  the  locality  is  in  doubt,  it  naturally 
follows  that  the  horizon  is  also  uncertain. 
It  was  apparently  assumed  by  Cross  that  they 
came  from  the  Arapahoe,  for  he  stated  that 
along  Sand  Creek  this  formation  rests  on  the 
Laramie,  but  according  to  the  map  showing 
the  areal  geology  in  the  Denver  Basin  mono- 
graph, the  Laramie  occurs  on  the  north  bank 
of  the  creek,  and  the  Denver  on  the  south 
bank,  no  Arapahoe  being  indicated.  Cross," 
in  discussing  the  Sand  Creek  locality,  said: 
**The  specimens  preserved  in  the  National 
Museum  do  not  satisfactorily  indicate  the 
horizon  from  which  they  came.  It  seems 
probable  that  a  part  of  them  came  from  the 
Arapahoe  beds  and  a  part  from  the  Laramie." 

Up  to  this  point,  from  the  data  available,  it 
appeared  to  me  that  if  any  of  the  Sand  Creek 
plants  came  from  the  Ijaramie  they  probably 
all  did,  and  on  this  basis  it  was  my  original 
intention  to  include  them  provisionally  in  the 

"  Cross,  Whitman,  U.  S.  Oeol.  Survey  Mon.  27,  p.  225,  18»6. 
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present  work.  However,  important  observa- 
tions made  by  W.  T.  Lee  during  the  field  season 
of  1915  put  an  entirely  different  light  on  the 
matter  and  have  led  me  to  exclude  all  the  Sand 
Creek  species  from  both  Arapahoe  and  Laramie, 
and  to  refer  them  with  little  or  no  question  to 
the  Denver.  The  evidence  is  as  follows:  Lee 
examined  the  log  of  a  deep  well  that  has  been 
drilled  about  2A  miles  northeast  of  Coal  Creek 
(or  Sand  Creek).  This  well  starts  at  the  sur- 
face in  sandy  coal-bearing  beds  that  are  litho- 
logically  and  stratigraphically  identical  with 
the  beds  in  question  along  Sand  Creek,  and  are 
also  the  same  as  the  coal-bearing  beds  at  Scran- 
ton, which  from  the  presence  of  coal  are  sup- 
posed to  be  in  the  upper  part  of  the  Laramie. 
Lee's  description  of  the  well  is  as  follows: 

Section  of  oil  well  east  of  Denver,  Colo.,  in  sec.  t4j  T.  3  S., 

R,  67  W. 

Denver:  Feet. 

Clay,  sand,  and  gravel 200 

Coal 

Clay,  sand,  and  arkose. 

Coal 

Sand,  gravel,  and  clay 346 

Arapahoe: 

Conglomerate 60 

Laramie: 

Soft  blue  shale 175 

Sandstone  and  shale  alternating. . .      275 

Shale,  light  colored 140 

Shale,  dark  colored 35 

Brown  shale 65 

Coal 10 

Fox  Hills: 

Massive  sandstone  copt.inin^  ar- 
tesian water 130 

Shale 10 

Sandstone 20 

Pierre: 

Shale  and  limestone  (shells) I.  500  4- 

The  facts  brought  out  by  this  well  record  are 
of  far-reaching  significance.  It  shows  that  the 
Scranton  coal,  heretofore  thought  to  be  in  the 
up'^er  part  of  the  Laramie,  is  about  350  feet 
above  what  is  believed  to  be  the  Arapahoe  con- 
glomerate. This  conglomerate  is  about  50  feet 
thick.  It  also  appears  that  the  Scranton  coal 
is  more  than  400  feet  above  beds  that  can  with 
reasonableness  be  referred  to  the  Laramie,  and 
more  than  1,000  feet  above  the  main  Laramie 
coal.  The  thickness  of  beds  between  the 
Scranton  coal  and  the  main  Laramie  coal  is  not 
of  particular  significance  in  view  of  the  fact 
that  the  maximimi  thickness  previously  as- 
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signed  to  the  Laramie  in  this  area  was  about 
1,600  feet.  The  crucial  point  is  the  disclosure 
of  the  Arapahoe  conglomerate  between  the  two 
coal  horizons,  which  naturally  tends  to  decrease 
the  observed  thickness  of  the  Laramie  strata. 

The  other  supposed  locality  for  Arapahoe 
plants — ^namely,  that  near  the  Douglas  coal 
mine,  west  of  Sedalia — may  now  be  considered. 
As  this  is  at  or  near  the  type  locality  for  the 
Arapahoe  there  should  apparently  be  no  ques- 
tion as  to  its  relation,  but  it  appears  from  the 
work  of  G.  B.  Richardson,  who  critically  stud- 
ied this  area  in  1910-11,  that  the  Arapahoe 
occupies  the  stratigraphic  position  of  the  Daw- 
son arkose  and  in  fact  interdigitates  with  the 
lower  part  of  it.  Concerning  this  point  Rich- 
ardson "  wrote  as  follows:  '*It  was  found  that 
the  lower  part  of  the  Dawson  arkose  seems  to 
pass  along  the  strike  into  the  Arapahoe  and 
Denver  formations;  that  the  Dawson  and 
Arapahoe  can  not  be  separated  lithologically, 
even  at  the  type  locality  of  Arapahoe,  on  the 
bluffs  of  Willow  Creek.''  This  conclusion  does 
not,  of  course,  affect  the  stratigraphic  relations 
of  the  plant-bearing  beds,  and  it  is  unimportant 
whether  the  beds  are  to  be  called  Arapahoe  or 
Dawson,  as  they  are  separated  from  the  under- 
lying Laramie  by  an  unconformity  marking  a 
considerable  time  interval.  * 

Below  is  a  tentative  list  of  the  plants  from 
the  Douglas  mine  locality  as  worked  up  about 
12  years  ago.  Additional  material  not  yet 
studied  may  necessitate  slight  changes,  though 
it  is  not  presumed  that  these  will  greatly  affect 
the  result. 

Acer  trilobatum  productum. 
Asplenium  eroeum. 
Berchemia  multinerviB. 
CiflBUS  laevigata. 
Ciflsufl  lobato-crenata. 
Dicksonia,  new. 
Diospyroe  brachysepala? 
Dombeyopeis  obtiifla. 
Dombeyopsis,  new. 
Dryopterifi  lakesdi. 
Dryopteris  lesquereuxii? 
FicuB  planicoetata. 
Ficufl,  new. 
Hicoria?  sp. 
Laurufl  primigenia. 
Nelumbo  lakesii. 
Nelumbo,  new. 
Phyllites,  new. 
QuercuB,  new. 


|«  Richardson,  G.  B.,  The  Monument  Creek  group:  Geol.  Soc.  America 
Bull.,  vol.  23,  p.  274,  1912. 


Viburnum,  new. 
Woodwardia  latiloba. 

It  will  be  seeA  at  once  that  this  is  essentially 
a  Denver  flora,  with  only  two  species  that 
occur  in  the  Laramie — Domheyopsis  ohtusa  and 
Ficvs  planicostaia.  Both  of  these  species  have 
already  been  several  times  mentioned  as  passing 
from  Laramie  into  post-Laramie  beds. 

RELATIONS  TO  THE  LANCE  FOBMATION. 

It  is  difficult  at  present  to  make  an  accurate 
and  wholly  satisfactory  comparison  between 
the  flora  of  the  Laramie  in  the  Denver  Basin 
and  the  flora  of  the  Lance  formation.  This 
difficulty  arises  from  the  fact  that  the  Lance 
flora  has  not  yet  been  thoroughly  worked  up 
and  described.  It  is  known  that  the  Lance 
flora  comprises  approximately  125  forms.  It 
is  possible  that  when  this  flora  has  been  fully 
described,  the  number  of  species  found  to  be  in 
common  with  the  Laramie  may  be  slightly 
increased  over  the  number  given  below,  but  it 
is  improbable  that  they  will  be  increased  to  as 
many  as  twice  that  number.  Another  diffi- 
culty in  the  way  of  making  an  accurate  com- 
parison between  these  two  floras  is  the  uncer- 
tainty that  still  attaches  to  certain  of  the  locali- 
ties that  have  afforded  some  of  the  supposed 
Lance  plants.  It  is  perhaps  unnecessary  to 
state  that  there  has  been — and  indeed  still  is — 
more  or  less  uncertainty  in  fixing  the  limits 
of  the  Lance  formation,  though  the  difficulty  is 
much  greater  in  fixing  the  upper  limit  than  it  is 
in  fixing  the  lower  limit.  Be  this  as  it  may, 
the  species  mentioned  below  are  the  only  ones 
that  are  at  present  recognized  as  passing  from 
the  Laramie  into  the  Lance. 

Equisetum  perlaevigatum. 
Myrica  torreyi. 
FicuB  planicoetata. 
Cinnamomum  affine?? 
Rhamnus  salicifolius. 
Platanufi  platanoides. 
Quercus  vibumifolia? 

A  discussion  of  these  species  may  be  of 
interest.  Thus,  Equisetum  laevigatum  (now 
perlaevigatum)  was  reported  by  Hollick  from 
the  so-called  ''Hell  Creek  beds'*  (Lance)  in 
the  vicinity  of  Hell  Creek,  Mont.  In  the  de- 
scriptive part  of  this  paper  (p.  113)  it  is  stated 
that  this  species  was  founded  on  two  speci- 
mens, one  of  which  (from  Sand  Creek,  Colo., 
in  beds  now  believed  to  be  of  Denver  age)  is 
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probably  only  a  piece  of  bark,  and  the  other 
(from  the  true  Laramie  at  Golden,  Colo.)  is 
based  on  a  portion  of  an  undei^round  stem 
of  an  Equisetum  with  characters  so  poorly 
defined  that  the  advisability  of  retaining  it 
is  open  to  question.  It  is  not  to  be  doubted 
that  there  are  Equisetum  stems  in  the  ''Hell 
Creek  beds,"  but  the  propriety  of  identifying 
them  with  Equisetum  perlaevigatum  may  well 
be  questioned.  Rhamnus  salicifolius  is  an- 
other of  the  forms  identified  by  Hollick  in 
the  ''Hell  Creek  beds."  This,  together  with 
Myrica  torreyi^  is  well  known  as  a  species  en- 
joying a  wide  vertical  range.  Ficus  plani- 
costata  is  also  a  species  of  considerable  ver- 
tical range.  It  is  extremely  rare  in  the  Lance 
formation,  and  its  identification  is  not  be- 
yond question.  The  identification  of  Cinna- 
momum  affine  rests  on  its  doubtful  presence  in 
the  Kingsbury  conglomerate,  east  of  the  Big 
Horn  Mountains,  Wyo.,  and  Quercus  vibumi- 
folia  was  identified  Vith  question  at  Forsyth, 
Mont.  ^ 

In  a  paper  published  in  1909'^  I  listed  11 
species  that  were  at  that  time  believed  to  be 
conmion  to  the  Laramie  and  Lance  forma- 
tions. The  species  additional  to  those  in  the 
above  list  are  Ficus  trinervisy  FlaheUaria 
eocenica,  Sabalites  grayanuSj  and  Juglans 
rugosa.  According  to  present  understanding 
neither  Ficus  trinervis  nor  Juglans  rugosa  is 
known  in  the  Laramie  of  the  Denver  Basin. 
The  two  palms  may  be  the  same  as  the  Mon- 
tana and  Laramie  form  known  as  Sahal 
morUanaj  but  there  is  usually  difficulty  in  cer- 
tainly identifying  remains  of  palms. 

From  this  brief  account  it  appears  that 
there  are  not  now  known  to  be  more  than 
four  or  five  species  of  plants  that  are  common 
to  the  Laramie  and  Lance,  and  when  it  is 
recalled  that  there  is  about  the  same  number 
of  species  in  the  two  floras,  it  is  seen  that  the 
relationship  between  these  floras  is  not  a 
strong  one. 

RELATIONS  TO  THE  UPPERMOST  CBETACEOUS 
or  THE  ATLANTIC  COASTAL  PLAIN. 

In  the  major  portion  of  the  Atlantic  Coastal 
Plain  the  uppermost  Cretaceous  is  believed  to 

u  Knowlton,  F.  H.,  Stratlgraphic  relations  and  paleontology  o(  the 
"Hell  Cree";  bel<»,"  "  Ceratops  be  Is/'  and  equivalents,  and  their  refer- 
en:e  to  the  Fort  Union  formation:  Washington  Acad.  Sci.  Proc.,  vol. 
11,  p.  222,  1909. 


be  either  lower  in  position  than  the  Laramie, 
or  where  the  section  is  more  nearly  com- 
plete — as  in  the  northern  portion — it  is  a 
marine  deposit  and  not  plant-bearing. 

RELATIONS  TO  THE  PATOOT  SERIES  OF 

GREENLAND. 

The  Cretaceous  system  is  very  considerably 
developed  in  Greenland,  reaching  a  thickness 
of  approximately  4,000  feet.  The  area  of 
exposure  includes  Disco  Island  and  the  Nug- 
suak  Peninsula  and  is  a  belt  about  75  miles 
wide  along  the  deeply  indented  coast  line 
from  latitude  69**  15'  to  72**  15'  N.  The  beds 
at  many  places  are  very  fossiliferous  and  have 
yielded  altogether  more  than  350  species  of* 
plants,  which  were,  in  the  main,  elaborated 
by  Oswald  Heer  in  his  well-known  "Flora 
fossilis  arctica,''  comprising  seven  quarto 
volumes,  published  in  1868  to  1883.  On  the 
basis  of  the  plants,  Heer  divided  the  Cre- 
taceous into  three  series.  A  lower  division, 
called  the  Rome  series,  with  a  flora  of  88 
species,  was  correlated  with  the  Urgonian  of 
Europe;  a  middle  division,  the  Atane  series, 
with  177  species  of  plants,  was  correlated 
with  the  Cenomanian;  and  an  upper  division, 
the  Patoot  series,  with  a  flora  of  123  species, 
was  correlated  with  the  European  Senonian 
and  the  Fox  Hills  of  the  United  States.  Above 
this  in  other  parts  of  the  Arctic  region  is  a  con- 
siderable thickness  of  Tertiary  beds,  also  with 

an  abundant  flora,  which  constitute  the  so- 

« 

called  Arctic  Miocene,  now  very  generally  re- 
ferred to  the  Eocene. 

The  Atane  and  Patoot  series  have  a  com- 
bined thickness  of  at  least  1,300  feet,  and 
probably  considerably  more.  There  is  no 
sharp  line  of  demarcation  between  them,  the 
boundary  having  been  drawn  by  Heer  purely 
on  paleontologic  grounds. 

Although  Heer  definitely  correlated  the 
Patoot  series  with  the  Senonian,  White  and 
Schuchert,"  who  visited  the  region  in  1897, 
expressed  the  view  that  there  was  a  transition 
without  sedimentary  break  into  the  overlying 
Tertiary.  These  writers  also  stated  that  the 
Patoot  series  contains  '*many  plants  common  to 
the  upper  part  of  the  Amboy  clays,  with 
others  allied  more  closely  to  the  higher  Cre- 
taceous flora,  such  as  that  of  the  Laramie.^' 


M  White,  David,  and  Schuchert,  Charlesi,  Cretaceoua  aeries  of  the 
west  coast  of  Greenland:  (leol.  Soc.  America  Bull.,  vol.  0,  p.  367,  1896. 
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Subsequent  dtudy  of  the  Laramie  flora, 
however,  does  not  bear  out  this  suggestion, 
for  so  far  as  now  known  the  two  floras  contain 
no  species  in  common.  This  is  also  the  view 
reached  by  Berry,"  who  pointed  out  that  of  the 
123  Patoot  species  20  occur  in  the  Dakota 
sandstone,  22  in  the  Raritan,  19  in  the  Mago- 
thy,  8  in  the  Tuscaloosa,  and  4  in  the  Black 
Creek  formation.  He  says:  "The  large  num- 
ber of  Atane  species  present  (34),  as  well  as 
the  numerous  Dakota,  Raritan,  and  Magothy 
species,  precludes  considering  the  flora  as 
young  as,  for  example,  the  Laramie.'^ 

It  may  be  accepted,  then,  that  the  Laramie 

,  flora  is  younger  than  that  of  the  Patoot  series 

and  there  is  little  or  no  relation  between  them. 

RELATIONS    TO    THE    TJPPSE    C&ETAGEOUS    OF 

SUBOPE. 

As  a  preliminary  to  the  consideration  of  the 
possible  relations  between  the  flora  of  the 
Laramie  and  such  floras  as  are  available  in  the 
European  Upper  Cretaceous,  it  may  be  of 
interest  to  give  a  brief  tabular  view  of  the 
Upper  Cretaceous  section  that  is  now  quite 
generally  accepted.  It  is  taken  in  the  main 
from  the  fifth  edition  of  De  Lapparent's 
Geology : 

Danian. 

Aturian|?f*«'*^^^Upper  Senonian. 
ICampanian     J 

Em«cherian/f  »°^'^lLewer  Senonian. 
\Coniaciani 

\Ligenan. 
Genomanian. 

The  Campanian,  the  lower  division  of  the 
Aturian  (Upper  Senonian),  is  thought  to 
correspond  approximately  to  the  Pierre  shale 
and  the  Fox  Hills  sandstone  of  the  United 
States.  The  Maestrichtian,  which  constitutes 
the  upper  division  of  the  Aturian  (Upper 
Senonian),  together  with  the  Danian,  corre- 
sponds to  the  Laramie,  at  least  in  position. 
The  Maestrichtian  is  abundantly  plant-bearing 
at  a  number  of  localities,  especially  in  the 
Munster  Basin  of  Westphalia.  The  plants 
from  these  localities — Sendenhorst,  HaJdene, 
Lunfude,    etc. — were    studied    and    described 

IT  Berry,  £.  W.,  Maryland  Geol.  Survey,  Upper  Cretaceous,  p.  196» 
1916. 


specially   by   Hosius  ^'   and   by   Hosius   and 
Von  der  Marck.** 

E.  W.  Berry,**  in  a  chapter  on  the  Upper 
Cretaceous  floras  of  the  world,  has  compiled 
a  complete  list  of  the  Maestrichtian  flora  of 
the  Monster  Basin,  which  is  as  follows: 

Apocynophyllum  cuneatum  HoeiuB  and  Von  der 

Marck. 
Apocynophyllum  subrepandum  Von  der  Marck. 
Aralia  denticulata  Hosius  and  Von  der  Marck. 
Cf .  Geanothus  sp. 

Chondrites  furcilentus  latior  Von  der  Marck. 
Chondrites  intricatus  Stembeig. 
Chondrites  jungiformis  Debey  and  Ettingshausen. 
Chondrites  polymorphus  Hosius  and  Von  der  Marck. 
Chondrites  subcurvatus  Hosius  and  Von  der  Marck. 
Comp tenia  tenera  Hosius  and  Von  der  Marck. 
Cunninghamites  elegans  (Corda)  Endlicher. 
Cunninghamites  squamosus  Heer. 
Dewalquea  gelindensis  Saporta  and  Marion. 
Dewalquea  haldemiana  Saporta  and  Marion. 
Dewalquea  haldemiana  angustifolia  Hosius  and 

Von  der  Marck. 
Dewalquea  haldemiana  latifolia  Hosius  and  Von 

der  Marck. 
Dewalquea  insignis  Hosius  and  Von  der  Marck. 
Dryandroides  haldemiana  Hosius  and   Von  der 

Marck. 
Dryandroides  macrophylla  Hosius  and   Von  der 

Marck. 
Eolirion?  nervosum  Hosius  and  Von  der  Marck. 
Eolirion  primigenum  Schenck? 
Eolirion?  subfalcatum  Hosius  and  Von  der  Marck. 
Eucalyptus  haldemiana  Debey. 
Eucalyptus  inaequilatera  Von  der  Marck. 
Ficus  angulata  Hosius  and  Von  der  Marck. 
Ficus  densinervis  Hosius  and  Von  der  Marck. 
Ficus  laurifolia  Hosius  and  Von  der  Marck. 
Frenelopsis  kdnigii  Hosius  and  Von  der  Marck. 
Haliserites  contortuplicatus  Von  der  Marck. 
Laurus  affinis  Hosius  and  Von  der  Marck. 
Myrica  leiophylla  Hosius  and  Von  der  Marck. 
Myrica  primaeva  Hosius  and  Von  der  Marck. 
Cf.     Myrtophyllum    cryptoneuron    Saporta    and 

Marion. 
Nerium  rdhlii  Von  der  Marck. 
Cf .  Oreodaphne  apicifolia  Saporta  and  Marion. 
Osmunda  haldemiana  Hosius  and  Von  der  Marck. 
Pinus  monasteriensis  Hosius  and  Von  der  Marck. 
Populus  tremulaeformis  Hosius  and  Von  der  Marck. 
Pisidonia  cretacea  Hosius  and  Von  der  Marck. 
Quercus  asymetia  Hosius  and  Von  der  Marck. 


^  Hosius,  A.,  Die  in  der  We^f&lischen  Kreideformation  vorkommen 
deo  Pflancenreste  MQnster,  pp.  1-34,  18G9:  Ueber  einige  Dicotyledonen 
der  WestnUlBchen  Kreideformation:  Palaeontographica,  vol.  17,  pp. 
89-104,  pl9.  12-17,  1809. 

»  Hosiiu,  A.,  and  Von  der  Marck,  Die  flora  der  Wenf&liachen  Kreide- 
formation: Palaeontographica,  vol.  26,  pp.  125-256,  pLs.  24-44,  1880. 

••  Maryland  Qed.  Survey,  Upper  Cretaceous,  p.  283,  1916. 
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Quercus  GastonoideB  HoaiuB  and  Von  der  Marck. 
Quercus  dryandraefolia  Von  der  Marck, 
Quercufl  euiyphylla  Hosiiu  and  Von  der  Marck. 
Quercufl  formosa  Hosiua  and  Von  der  Marck. 
Quercufl  heiracifolia  Honus  and  Von  der  Marck. 
QuercuB  ilicifonnb  Hosius  and  Von  der  Marck. 
Quercus  rhomboidalis  HoeiuB  and  Von  der  Marck. 
Quercus  sphenobaais  Hoeius  and  Von  der  Marck. 
Quercua  westfalica  latior  Hodua  and  Von  der  Marck. 
Quercus  westfalica  oblongata  Hosiua  and  Von  der 

Marck. 
Quercua  westfalica  obtusata  Hoaiua  and  Von  der 

Marck. 
Cf .  Rhamnua  ap. 

Sequoia  reichenbachi  (Geinitz)  Heer. 
Taenidium  alyaoidea  Hoaiua  and  Von  der  Marck. 
Tetraphyllum  dubium  Hoaiua  and  Von  der  Maick. 
Tbalaaaocharis    westfalica    Hoaiua    and    Von    der 

Marck. 

This  flora  comprises  56  forms,  only  one  of 
which,  Sequoia  reichenbiuhiy  is  found  in  the 
Laramie.  This  is  without  special  significance, 
for  this  species  enjoys  a  world-wide  distribu- 
tion and  ranges  in  age  froni  Jurassic  to  upper- 
most Cretaceous.  A  number  of  genera,  such  as 
Ficus,  LauruSy  Myrica,  Popvius^  and  Qu^rcuSy 
are  conmion  to  the  two,  but  the  species  are  all 
perfectly  distinct  and  apparently  imrelated. 
It  appears  to  the  writer  that  the  Maestrichtian 
flora  is  much  more  closely  related  to  the 
Montana  flora.  This  is  especially  shown  by 
the  common  presence  of  certain  conifers,  such 
as  Cunninghamites,  Frenelopsis,  and  Sequoia 
reichenbachi.  Be  this  as  it  may,  the  Mae- 
strichtian certainly  has  no  particular  relation- 
ship with  the  flora  of  the  Laramie. 

THE  FLORA. 

Phylum  THALLOPHTTA. 

DeleMeria  folTm  Lesqaerenx. 

Plate  I,  figure  4  (type). 

Deleueria  fulva  Leequereux,  U.  S.  Geol.  and  Geog.  Sur- 
vey Terr.  Ann.  Rept.  for  1872,  p.  376,  1873;  idem 
for  1873,  p.  379,  1874;  idem  for  1876,  p.  496,  1878; 
Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7,  p.  39,  pi.  1,  fig.  10,  1878.  [Leaquereux's 
original  figure  of  the  type  is  here  reproduced.] 

The  type  of  this  species  is  No.  9  of  the  United 
States  National  Museum  collection  of  fossil 
plants  and  appears  to  be  the  only  example 
ever  obtained.  It  is  preserved  on  a  fine- 
grained hard  white  sandstone,  on  which  it 
stands  out  in  bold  relief,  being  itself  of  a 
reddish-brown  color. 


Occurrence:  Laramie  formation,  Golden, 
Colo.,  under  or  between  coal  beds. 

Phylum  PTXBIDOPHTTA. 

Order  HUGALSS. 

nmily  POLTPODXACXJB. 

Onodea  fecnnda  (Leaquereiu)  Kiiowltiiii. 

Plate  I,  figures  2,  3. 

Caulinitet  fentndut  Leequereux,  U.  S.  Geol.  and  Geog. 
Suney  Terr.  Ann.  Rept.  lor  1872,  p.  384,  1873; 
idem  for  1873,  p.  380,  1874;  idem  for  1876,  p.  501, 
1878;  Tertiary  flora:  U.  S.  Geol.  Suney  Terr. 
Rept.,  vol.  7.  p.  101,  pi.  14,  figs.  1-3,  1878.  [Lea- 
quereux*8  original  figures  are  here  reproduced.] 

OnocUa  ferunda  (.Leequereux)  Knowlton,  U.  S.  Geol. 
Sur\'ey  Bull.  152,  p.  153,  1898. 

Fertile  frond  contracted,  closely  pinnate; 
main  rachis  broad  (2  millimeters),  smooth, 
divided  into  opposite  erect  branches  which 
bear  on  each  side  thickly  set  short*pediceled 
simple  spherical  ''capsules''  (sporangia);  sterile 
portion  not  known. 

The  type  specimens  of  this  plant  are  pre- 
served in  the  United  States  National  Museum 
(Nos.  120,  121).  Their  original  reference  to 
the  genus  Caulinitea  was  a  matter  of  uncer- 
tainty, for  Lesquereux  in  his  first  mention 
says,'^  ''This  relation  to  species  of  our  time 
is  unknown/'  and  later  ^  adds: 

It  is  very  questionable  if  these  fine  fruiting  branches 
may  be  referred  to  this  genus.  They  have  this  in  common 
only — ^a  monospermous  (?)  nucula  with  a  cellulose  enve- 
lope. As  I  have  been  unable  to  find  either,  in  the  fossil 
species  described  until  now  or  in  the  collection  of  living 
plants  which  I  was  able  to  consult  anything  to  which 
they  had  apparent  relation,  I  have  left  them  in  this  as 
yet  vaguely  defined  genus. 

No  additional  material  has  been  obtained 
since  that  described  by  Lesquereux,  and  it  is 
perhaps  hazardous  to  transfer  these  specimens 
to  another  genus,  but  all  things  being  taken 
into  account,  the  suggestion  of  the  late  Joseph 
F.  James "  that  they  closely  resemble  the 
fruiting  frond  of  the  living  Onodea  sensibUis 
seems  to  justify  the  change.  When  the  fossil 
and  living  plants  are  placed  side  by  side  it  is 
seen  that  the  resemblance  is  striking  and 
suggestive.  The  fossil  has  the  same  pinnate 
branching    and    opposite,    contiguous,    short- 

»  U.  S.  He  )1.  and  (]03g.  Survey  Terr.  Ann.  Ropt.  for  1872,  p.  384, 1873. 
"The  Tertiary  flora:  U.  8.  Oeol.  Survey  Terr.  Rept ,  vol.  7,  p.  101, 
1878. 
»  Science,  vol.  3,  p.  433,  flg.  la,  1884. 
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pediceled  '^ capsules''  as  the  living  species. 
The  living  form,  as  is  well  known,  has  the 
fertile  pinnules  rolled  up  into  berry-like  bodies, 
on  the  outside  of  which  thick  veins  are  very 
prominent.  In  the  fossil  this  feature  is  appar- 
ently absent.  Considering  the  fact  that  this 
fruiting  portion  has  been  found  only  once,  it  is 
not  strange  that  the  sterile  portion  remains 
unknown. 

A  species  that  has  a  somewhat  similar  history 
has  been  found  in  the  Raritan  and  Magothy 
formations  of  southern  New  York  and  the 
islands  south  of  the  New  England  mainland. 
It  was  first  described  as  Cavlinites  inquirendus 
HoUick  **  and  later  transferred  to  Onodea  *^ 
on  the  ground  of  its  resemblance  to  the  species 
under  consideration.  like  our  form,  it  has 
pinnately  arranged  branches  with  the  spheroi- 
dal ^'capsules''  in  a  single  row  on  each  side,  and 
associated  sterile  fronds  have  not  been  found 
with  it. 

One  of  the  most  abundant  and  widely  dis- 
tributed plants  of  the  Fort  Union  formation 
is  a  fern  that  can  not  be  distinguished  from  the 
living  sensitive  fern,  Onodea  sensibUis.  It 
occurs  at  some  localities  by  hundreds,  but  in 
only  one  known  place  in  all  the  vast  area 
covered  by  the  Fort  Union  formation  has  it 
been  found  fruiting.  In  a  small  collection 
obtained  near  Porcupine  Butte,  Sweetgrass 
County,  Mont.,  there  were  many  of  the  usual 
sterile  fragments,  and  associated  with  them  a 
few  fertile  fronds.*'  A  comparison  of  these 
fertile  fronds  with  the  Laramie  specimens  under 
consideration  shows  a  close,  at  least  generic 
similarity. 

Thus,  as  at  present  provisionally  marked 
out,  our  knowledge  of  the  geologic  history  of 
the  living  sensitive  fern  may  stand  as  follows : 

Onoclea  inquirenda  Hollick Raritan. 

Onoclea  neo-mexicana  Knowl-    Montana. 

ton. 
Onoclea  fecunda  (Leaquereux)    Laramie. 

Knowl  ton. 
Onoclea  sensibilis  fossillB  New-    Fort  Union. 

berry. 
Onoclea  sensibilis  Linn^ Living. 


«<  Holli'^k,  Arthur,  New  York  Dot.  Oard.  Bull.,  vol.  3,  p.  41',  pi.  20, 
fig.  3,  19.^. 

»  Hcllick,  Arthur,  U.  8.  Oeal.  Suney  Mon.  50,  p.  32,  rl-  1.  Ag--  1-7, 
19^.. 

»  Knowlton,  F.  H.,  Torrey  Bot.  Club  Bull.,  vol.  29,  p.  705,  p.  26,  flgs. 
1-4,  1902. 


Occurrence:  Laramie  formation,  Erie, 
Boulder  County,  Colo.,  collected  by  Leo  Les- 
quereux  about  1872. 

Dryopteris  georgei  Knowlton,  n.  sp. 

Plate  I,  figures  6,  7. 

Fronds  probably  of  large  size  but  the  com- 
plete outline  unknown,  though  apparently  it 
was  at  least  thrice  pinnatified;  main  rachisnot 
sure;  secondary  rachis  strong,  straight,  grooved; 
pinnae  apparently  lanceolate;  pinnules  numer- 
ous, very  close,  alternate  or  subopposite, 
narrowly  linear-lanceolate,  sessile,  narrowly 
acuminate  at  apex,  cut  into  numerous  small, 
oblong,  rather  obtuse  lobes,  the  cutting  being 
made  less  toward  the  apex;  nervation  fairly 
strong,  consisting  of  a  stout  midvein  and  five 
or  six  pairs  of  once-forked  veins;  fruit  not 
seen. 

This  fine  species,  which  I  am  able  to  include 
by  the  courtesy  of  Prof.  R.  D.  George,  of  the 
University  of  Colorado,  is  all  that  has  been 
found,  and  although  a  considerable  portion  of 
the  frond  is  preserved  it  was  evidently  of 
much  larger  size  when  perfect.  Two  of  the 
pinnae  are  parallel  and  lie  in  such  a  position 
as  to  suggest  that  they  were  attached  to  a 
common  rachis,  in  which  case  the  whole  frond 
must  have  been  of  imposing  appearance.  The 
pinnae  appear  to  have  been  15  or  20  centi- 
meters in  length  and  7  or  8  centimeters  in 
width.  The  pinnules,  as  already  noted,  are 
narrowly  linear-lanceolate,  their  length  bemg 
4  or  5  centimeters  and  their  width  about  1 
centimeter  at  base;  they  begin  to  narrow  near 
the  middle  and  become  narrowly  acuminate 
at  the  apex. 

The  coriaceous  appearance  of  the  frond  and 
its  rather  strict  aspect  suggest  the  probability 
that  it  was  of  xerophytic  habit. 

The  photograph  showing  the  whole  frond 
somewhat  less  than  natural  size  was  sent  by 
Prof.  George,  who  also  kindly  donated  the  two 
fragments  of  the  counterpart  shown  in  figures 
6  and  7. 

Occurrence:  Laramie  formation,  shaft  of 
Columbia  mine,  150  feet  from  the  surface,  near 
Louisville  Junction,  Boulder  County,  Colo., 
submitted  by  R.  D.  George.  Type  specimen 
in  the  Museum  of  the  University  of  Colorado. 
Boulder,  Colo. ;  pieces  of  counterpart  in  United 
States  National  Museum. 
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Dryopteris  laramiensls  Knowlton. 

Plate  I,  figure  5  (type). 

Dryoptervt    laramiensis   Knowlton,   U.   S.   Geol.   Survey 

Bull.  696,  p.  248,  1919. 
Lastrea  (Goniopteria)  intermedia  Lesquereux,  Tertiary  flora: 

U.  S.  Geol.  Survey  Terr.  Kept.,  vol.  7,  p.  56,  pi. 

4,  fig.  14,  1878.    [Lesquereux's  original  figure  is 

here  reproduced.] 
Aspidium   (Lastrea)   pulchellumf    Heer,    or   A,  JUcherif 
,    Heer.    Leequereux,  U.  S.  Geol.  and  Geog.  Survey 

Terr.  Ann.  Kept,  for  1870,  p.  384,  1872. 

This  species  is  evidently  very  closely  related 
to  Dryopteris  lesquereuxii,  from  which  it  appears 
to  differ  in  having  the  pinnae  closer,  at  a  more 
acute  angle  of  insertion  on  the  rachis,  and  with 
the  pinnules  or  lobes  somewhat  longer. 
Neither  of  these  differences  is  of  much  impor- 
tance, and  it  is  quite  possible  that  a  series  of 
specimens,  if  they  were  available,  would  show 
the  two  forms  as  merging,  but  so  far  as  known 
the  specimen  figured  by  Lesquereux  is  the 
only  specimen  extant,  and  if  it  were  not  for 
some  phases  of  the  earlier  history  of  the  present 
*' species,"  it  would  perhaps  do  no  great  harm 
to  combine  them.  The  specimens  on  which 
Lesquereux  founded  Lastrea  intermedia  are 
involved  in  some  complications.  In  the  first 
mention  ^  (under  the  designation  Aspidium 
pvlchellum  Heer,  or  A,  fischeri  Heer)  they  are 
said  by  Lesquereux  to  have  come  from  ''Muddy 
Creek,"  without  mention  of  the  State  or  other 
more  exact  location.  From  Hayden's  itiner- 
ary, which  precedes  the  report  on  the  fossil 
plants,  it  appears  reasonably  certain  that  they 
must  have  come  from  the  Muddy  Creek  that 
rises  in  Bridgers  Pass,  in  the  mountains  south 
of  Rawlins,  in  Carbon  County,  Wyo.,  and  flows 
into  Little  Snake  River.  At  a  point  in  the 
valley  of  this  stream^  near  Barrel  Springs 
Hayden  ^  found,  in  addition  to  shells,  remains 
of.  turtles,  fish,  etc.,  ''a  few  obscure  plants, 
like  blades  of  grass,  stems  of  rushes,  etc.,  in 
the  clays;  still  higher  up  on  the  tops  of  the 
hills  that  border  the  stream  are  some  thin, 
chalky  clays  crowded  full  of  plants,  as  ferns, 
rushes,  grasses,  palms,  etc.,  finely  preserved." 
It  is  doubtful  if  any  of  this  material  is  present 
in  the  collections  of  the  United  States  National 
Museum,  at  least  under  this  designation. 

In  the  next  mention  of  Lastrea  intermedia 
by  Lesquereux  '•  it  is  said  to  have  come  from 

^  V.  S.  Ge^l.  and  Geog.  Survey  Terr.  Ann.  Rept.  for  1870,  p.  384, 1872. 

*  Idem,  p.  73. 

»  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Kept.,  vol.  7,  p.  56, 1878 
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''Henrys  Fork,  a  mixed  lot."  It  is  easy  to  see 
how  this  mistake  arose,  for  in  the  Annual  Re- 
port for  1870,  page  384,  the  designation 
''Henrys  Fork"  occurs  at  the  top  of  the  page, 
while  that  of  "Muddy  Creek"  is  in  the  middle 
of  the  page  without  indention  or  other  display 
and  so  is  easily  overlooked.  But  this  error  is 
apparently  responsible  for  Lesquereux's  refer- 
ence of  Lastrea  intermedia  to  the  Green  River 
formation  ,*°  which  would  doubtless  be  correct 
if  it  had  actually  come  from  Henrys  Fork. 
There  seems,  therefore,  absolutely  no  warrant 
for  Henrys  Fork  as  a  locality  or  Green  River 
formation  as  a  horizon  for  this  species. 

Golden,  Colo.,  is  also  given  by  Lesquereux  ** 
as  a  locality  for  '^Lastrea  irUerm^ia,"  and  the 
only  specimen  figured  is  preserved  in  the 
United  States  National  Museum.  It  is  pre- 
served on  the  hard  white  sandstone  character- 
istic of  the  Laramie  at  this  locality  and  is  ap- 
parently correctly  recorded. 

Owing  to  the  absence  of  all  specimens,  except 
the  one  from  the  Laramie  at  Golden,  the  occur- 
rence of  this  form  in  Wyoming  will  have  to  be 
ignored,  at  least  imtil  more  material  has  been 
procured. 

Occurrence:  Laramie  formation.  Golden, 
Colo. 

Dryopteris  lesquereuxii  Knowlton. 

Aspidium  goldianum  Lesquereux,"  U.  S.  Geol.  and  Geog. 

Survey  Terr.  Ann.  Rept.  for  1873,  p.  393, 1874. 
Lastrea  (Goniopteris)  goldiana  Lesquereux,  Tertiary  flora: 

U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  56,  pi.  4, 

fig.  13, 1878. 
Dryopteris   Usquereurii   Knowlton,   U.  S.  Geol.  Survey 

Bull.  696,  p.  248,  1919. 

Frond  bipinnate  (tripinnate?),  broadly  del- 
toid in  outline;  pinnae  linear,  alternate,  parallel, 
at  an  obtuse  or  rarely  somewhat  acute  angle  of 
divergence  (40^-50°),  alternately  and  equally 
pinnately  lobed;  lobes  cut  or  separated  by  two- 
thirds  or  three-foiurths  of  their  length,  oblong- 
lanceolate,  obtusely  pointed,  inclined  outside; 
middle  nerve  strong,  distinct,  lateral  veins  five 
to  seven  pairs,  curving  slightly  upward,  simple, 
parallel. 

The  ferns  first  described  by  Lesquereux 
under  the  name  Aspidium  goldianum  appear 

M  The  Cretaceous  and  Tertiary  floras:  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  8,  p.  138,  1883. 

«  Op.  eit.  (Tertiary  flora),  p.  67,  pi.  4,  flg.  14. 

uThis  name  was  preoccupied  by  the  living  Atpidium  goliianum 
Hooker,  1824,  nov^  Dryopterit  goldiaTia  (Hooker)  A.  Gray,  1848.  I  have 
therefore  giiwn  the  fossil  orm  a  new  name  in  honor  of  its  dejcriber. 
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to  be  very  well  characterized,  being  bipinnate, 
or  perhaps  it  would  be  better  to  say  bipinnati- 
fied,  with  the  pinnae  alternate,  at  a  low  angle 
of  divergence  with  the  main  rachis,  and  lanceo- 
late in  general  outline.  They  are  cut  nearly 
to  the  secondary  rachis,  with  numerous  linear- 
lanceolate,  rather  obtuse  segments.  In  the 
type  species  figured  in  the  ''Tertiary  flora" 
(pi.  4,  fig.  13)  the  segments  of  the  pinnae  are 
short,  being  from  7  to  9  millimeters  in  length, 
and  have  from  five  to  seven  pairs  of  simple 
nerves. 

The  type  of  Aspidium  goldianum  Lesquereux 
(now  Dryopteris  Usquereuxii)  is  said  to  have 
come  from  Golden,  Colo.,  and  an  examination 
of  the  specimen  (No.  26,  U.  S.  Nat.  Mus.) 
appears  to  confirm  this  statement;  in  any  event 
there  is  no  tangible  evidence  to  the  contrary. 
The  species  has  not  been  noted  in  any  of  the 
recent  collections  from  Golden. 

Occurrence :  Laramie  formation.  Golden, 
Colo. 

Dryopteris?  carbonensis  Knowlton,  n.  sp. 

Plate  XX,  figures  3-5. 

DryopterUf  carbonensis  Knowlton  [nomen  nudum],  U.  S' 
Geol.  Survey  Bull.  696,  p.  249, 1919. 

Fronds  once  pinnate  (?);  pinnae  probably 
lanceolate,  deeply  pinnatified,  the  divisions 
nearly  opposite,  narrowly  deltoid  or  broadly 
lanceolate  in  outline,  with  obtusely  acuminate 
apex  and  perfectly  entire  margins;  secondary 
rachis  strong;  midnerve  of  segments  thin, 
practically  straight;  nerves  obscure,  apparently 
remote  and  simple;  fruit  unknown. 

This  species  is  based  on  the  three  fragments 
figured  and  is  apparently  quite  distinct  from 
anything  from  the  true  Laramie  heretofore 
described.  Whether  it  belongs  to  the  genus 
Dryopteris  is  not  by  any  means,  certain,  for 
without  fruit  that  point  can  not  be  positively 
ascertained,  but  from  its  general  resemblance 
to  certain  species  of  this  genus  I  have  decided 
so  to  refer  it.  It  is,  for  example,  quite  like 
some  of  the  larger  pinnae  of  Dryopteris  goU 
diana  (Hooker),  a  living  species  of  eastern 
North  America. 

From  its  general  resemblance  to  the  above- 
mentioned  living  species,  I  have  assumed  that 
it  had  once-pinnate  fronds .  with  numerous 
lanceolate  pinnae,  but  this,  of  course,  is  largely 
conjecture.  The  divisions  of  the  pinnae  are 
cut  a  little  more  than  half  the  distance  to  the 


midvein.  They  are  slightly  scythe-shaped 
and  have  rather  acute  apices.  The  secondary 
nerves  of  the  divisions  appear  to  be  simple, 
but  the  specimens  are  preserved  on  a  rather 
coarse  grained  matrix  which  is  not  well  suited 
to  preserve  the  finer  nervation,  and  it  is  im- 
possible to  say  whether  they  were  forked  or 
not.  No  trace  of  the  fructification  is  pre- 
served. 

A  single  fragment  of  this  species  is  found  also 
in  the  collections  from  Marshall,  Colo.;  it  is 
without  nervation  and  is  on  the  same  piece  of 
rock  with  Ficus  arenacea. 

Occurrence :  Laramie  formation.  Mount  Car- 
bon, Morrison,  Colo. ;  sandstone  near  coal  seam, 
Marshall,  Colo. ;  collected  by  A.  Lakes,  1890. 

Genns  PHANEBOPHLEBXTES  Xnowltoiip  n.  gen. 

Of  the  general  type  of  the  Jiving  Phanero^ 
phlebiay  but  with  thick,  fleshy  midrib,  and  few 
free  veins. 

Phanerophlebites  pealei  Knowlton,  n.  sp. 

Plate  III,  figure  5. 

Phanerophlebites  pealei  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  439,  1919. 

Outline  of  whole  frond  not  known  but  pre- 
sumably pinnate,  pinnae  large,  strap-shaped, 
with  apparently  entire  margins;  midrib  ex- 
tremely thick  and  fleshy;  nerves  numerous, 
rather  fine,  usually  forking  near  the  midrib 
and  once  or  twice  before  reaching  the  margin, 
sometimes  free  but  usually  anastomosing;  fruit 
not  preserved. 

This  form  is  represented  only  by  the  example 
here  figured,  and  this  is  more  or  less  frag- 
mentary, neither  base  nor  apex  being  retained. 
It  is  now  about  12  centimeters  long  but  was 
obviously  very  much  longer  when  perfect. 
The  width  was  4.5  or  5  centimeters.  The 
small  portion  of  the  margin  preserved  shows  it 
to  be  entire  or  perhaps  slightly  undulate. 
This  pinna  was  evidently  of  thick  substance, 
as  indicated  by  the  very  strong  midrib  and  the 
immersed  appearance  of  the  veins.  The  veins 
are  fine  and  very  close  and  are  more  or  less 
conspicuously  anastomosed.  All  the  veins 
fork,  and  some  of  them  appear  to  be  free,  but 
this  feature,  owing  to  the  small  amount  of  ma- 
terial, is  difficult  to  make  out. 

It  is  with  some  hesitation  that  this  fragmen- 
tary specimen  is  described  as  establishing  a 
new  genus.     It  is  aspidioid  in  general  appear- 
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ance  and  seems  to  approach  most  closely  the 
living  genus  PJuineropMebia.  This  genus  em- 
braces about  a  dozen  rather  closely  related 
species  extending  from  the  southern  border  of 
the  United  States  through  Mexico  and  Central 
America  to  Brazil.  In  some  ways  the  specimen 
approaches  most  closely  PTutneropTUebia  nbhUia 
(Schlechtendal  and  Chamisso)  Presl,  a  native 
of  Mexico,  especially  in  type  of  nervation. 

Occurrence:  Laramie  formation,  Lafayette, 
Colo.,  dimip  of  Simpson  mine,  collected  by 
A.  C.  Peale,  for  whom  the  species  is  named. 

Aflpleniam  martini  Knowlton,  n.  sp. 

Plate  II,  figure  6. 

Asplenium  martini  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  105,  1919. 

Outline  of  whole  frond  imknown  but  at 
least  thrice-pinnatified,  apparently  thick  or 
coriaceous  in  texture;  pinnae  long-lanceolate, 
with  an  exceedingly  strong  rachis,  cut  with 
numerous  opposite  or  subopposite,  short,  ovate 
or  ovate-oblong,  obtuse  pinnules;  nervation  of 
pinnules  strong,  consisting  of  a  very  strong 
mid  vein  and  8  or  10  pairs  of  strong  veins, 
which  are  once-forked,  usually  n^ar  the  base; 
fruit  not  seen. 

This  form  is  so  fragmentary  as  hardly  to  be 
worthy  of  characterization,  yet  even  these 
small  pieces  show  clearly  that  it  must  have 
been  a  plant  of  striking  appearance.  The 
fragment  is  about  8  centimeters  in  length,  and 
to  judge  from  the  very  thick  rachis  it  must 
have  been  when  perfect  at  least  twice  this 
length  and  was  probably  even  larger.  The 
rachis  is  fully  2  millimeters  thick.  Only  one 
pinnule  is  anywhere  near  perfect.  This  is 
nearly  2  centimeters  in  length  and  is  about  12 
millimeters  broad.  The  pinnules,  so  far  as 
can  be  ascertained,  were  opposite  or  suboppo- 
site and  cut  by  a  sharp  sinus  within  4  or  5 
millimeters  of  the  rachis.  The  nervation  of 
the  pinnules,  as  already  indicated,  is  very 
deeply  impressed,  showing  that  the  texture 
was  thick  and  probably  coriaceous.  The 
strong  midvein  is  slightly  irregular,  and  the 
nerves,  also  very  strong,  are  once-forked, 
usually  near  the  midvein. 

In  ^e  absence  of  fruit  it  is  impossible  to  be 
certain  of  the  generic  reference,  but  the  form  is 
so  distinct,  even  in  the  fragments  available, 
that  it  must  constitute  a  good  horizon  marker. 


Among  fossil  species  it  is  suggestive  of  Aaple- 
nium  magnum  Knowlton,"  from  the  Fort  Union  • 
of  the  Yellowstone  National  Park,  but  it  differs 
in  a  number  of  important  particulars.  It  is 
much  larger  than  Asplenium  magnum,  being  in 
fact  nearly  as  large  as  the  enlargement  of  that 
species  shown  in  figure  8a  of  the  plate  above 
cited.  Its  pinnules  are  more  deeply  cut,  and 
the  nervation  is  very  much  stronger,  though  of 
the  same  type. 

In  some  respects  it  is  closer  to  AspUnium 
coloradense  Knowlton,**  from  the  Vermejo 
formation  of  the  Raton  Mesa  region,  which 
was  at  first  identified  by  HoUick  **  with  As- 
plenium  magnum.  The*  form  under  considera- 
tion seems  to  differ  from  AspUnium  coloradense 
in  its  larger  size,  more  obtuse  pinnules,  and 
much  stronger  nervation.  A  series  of  speci- 
mens showing  the  variation  in  size  might  bring 
them  together,  but  for  the  present  they  are 
best  kept  apart,  though  obviously  closely 
related. 

'  This  species  is  named  in  honor  of  George  C. 
Martin,  of  the  United  States  Geological  Sur- 
vey, who  assisted  in  making  the  collection  of 
which  it  is  a  part. 

Occurrence:  Laramie  formation,  dump  of 
Reliance  mine,  1}  miles  northeast  of  Erie, 
Colo.,  collected  by  F.  H.  Knowlton  and  G.  C. 

Martin. 

Pterlfl  goldmanl  Knowlton,  n.  sp. 

Plate  II,  figure  3. 

PUrii  goldmani  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  518, 1019. 

Outline  of  frond  unknown;  pinnae  lanceolate^ 
margin  entire;  rachis  thin,  grooved;  nerves 
numerous,  at  an  angle  of  50°  or  60°,  slightly 
curved,  forking  a  short  distance  above  the  base 
and  again  below  the  margin,  often  anas- 
tomosing. 

Although  this  is  a  mere  fragment  3  centi- 
meters long  and  the  same  in  width,  it* is  so  well 
characterized  by  the  nervation  that  it  seems 
worthy  of  full  specific  rank.  It  is  of  the  type 
of  what  has  been  called  Pteria  svhsimplex 
Lesquereux,*'  Pteris  erosa  Lesquereux,*^  Pieria 
undulata  Lesquereux,  etc.,  but  differs  essen- 

u  U.  8.  Geol.  Survey  Mon.  33,  pt.  2,  pi.  79,  flgj.  5-8, 1899. 
M  u.  8.  aeol.  Survey  Prof.  Paper  101,  pi.  1,  figs.  1,  2;  1918. 
»  Hollick,  Arthur,  Torreya,  vol.  3,  p.  146,  pi.  4,  flgs.  1,  2, 1903. 
MLejquereux,  Leo,  U.  8.  Ged.  Survey  Terr.  Rept.,  vol.  7,  pi.  4, 
figs.  5-7,  1878. 
"  Idem,  fig.  8. 


112 


lARAMIB  FLORA.  OF  THE  DENVER  BASIN. 


tially  in  having  the  nerves  at  a  more  acute 
angle  and  regularly  twice-forked.  The  nerves 
are  also  frequently  anastomosed^  especially 
near  the  margin. 

This  species  is  named  dn  honor  of  Marcus  I. 
Goldman,  of  the  United  States  Geological 
Survey,  who  assisted  in  making  the  collection 
at  this  locality. 

Occurrence :  Laramie  formation,  Popes  Bluff, 

west  of  Pikeview,   Colo.    (sec.    14,  T.    13  S., 

R.  67  W.),  collected  by  A.  C.  Peale  and  M.  I. 

Goldman,  1908. 

PterisTsp. 

I 

Plate  II,  figure  5. 

Ptcrw?  ap.  Knowlton  [nomen],  U.  8.  Geol.  Survey  Bull. 
•  696,  p.  513,  1919. 

The  specimen  here  figured  is  so  small  a 
fragment  that  were  it  not  for  the  fact  that  it  is 
very  different  from  anything  heretofore  found 
in  the  Laramie,  it  would  hardly  be  worthy  of 
mention.  It  is  the  wedge-shaped  basal  por- 
tion of  what  was  apparently  a  large  lanceolate 
frond  or  pinnule.  The  midrib  was  exceedingly 
thick,  and  the  blade  appears  also  to  have  been 
thick  or  coriaceous.  The  nerves  are  very  fine, 
close,  parallel,  and  at  a  low  angle  of  emergence. 
It  is  difficult  to  ascertain  whether  the  veins 
fork  at  the  extreme  base  or  are  simple,  though 
presumably  they  are  forked  just  above  their 
point  of  origin.  Occasionally  a  vein  may  be 
observed  to  fork  near  the  middle,  but  beyond 
this  little  can  be  made  out. 

This  fragment  is  so  small  and  obscure  that 
comparisons  with  other  forms  are  hardly  war- 
ranted, though  in  passing  it  may  be  said  that 
the  specimen  somewhat  resembles  what  Les- 
quereux  described  as  Oymnogramma  gardneri,^ 
especially  in  the  shape  of  the  base  and  the 
thick  midrib,  but  it  differs  strongly  in  the  more 
numerous  finer  veins,  which  do  not  anastomose. 

Occurrence:  Laramie  formation,  Marshall, 
Colo.,  wooded  bluff  just  south  of  station,  at 
the  highest  plant-bearing  point  in  the  section, 
collected  by  A.  C.  Peale. 

FamUy  SCHIZASACXAE. 
Anemia  elongata  (Newberry)  Knowlton. 

Plate  II,  figure  2. 

Anemia  elongata  (Newberry)  Knowlton,  U.  S.  Geol.  Sur- 
vey Bull  696,  p.  74,  1919. 

»  Lexiuereux,  Leo,  U.  8.  Geol.  Sun'ey  Terr.  Rept.,  vol.  7,  pi-  4 
fig.  2f  1878. 


Sphenopteris  (ABplenium)  elongatum  Newberry,  Boston 
Soc.  Nat.  Hist.  Jour.,  vol.  7,  p.  511,  1863. 

Anemia  subcreiacea?  (Saporta)  Gardner  and  EttingshauEen, 

Britifih  Eocene  flora,  vol.  1,  Filicee,  pt.  2,  p.  45, 

pis.  8,  9,  1880. 

Knowlton,  U.  S.  Geol.  Survey  Bull.  152,  p.  34,  1898; 

Mon.  32,  pt.  2,  p.  667,  1899;  Bull.  163,  p.  20,  1900. 

Anemia  perpUxa  HoUick,  in  Newberry,  U.  S.  Geol.  Sur- 
vey Mon.  3%  p.  3,  pi.  15,  figs.  1,  la,  1898. 

Gymnogramma  httydenii  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1872,  p.  295,  1873; 
Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7,  p.  59,  pi.  4,  figs.  1^,  1878. 

Anemia  haydenii  (Lesquereux)  Cockerell,  Torreya,  vol.  9, 
p.  142,  1909. 

My  understanding  of  the  status  of  the  Ameri- 
can material  usually  referred  to  Anemia  sub- 
creiacea is  det  forth  at  length  in  my  "  Flora  of 
of  the  Montana  formation,"  '•  and  I  have  liltle 
or  nothing  to  add  to  that  account.  One  diffi- 
culty in  the  study  of  ferns  of  this  group  is  lack 
of  sufficient  material,  for  somehow  it  happens 
that  although  Anemia  is  fairly  well  distributed 
both  geologically  and  geographically,  it  is 
rarely  found  abundant  or  well  preserved.  The 
type  specimens  of  Lesquereux's  Oymnogramma 
haydenii  J  for  instance,  are  mere  fraghients  that 
can  give  only  a  partial  idea  of  its  size  and  ap- 
pearance. The  example  here  figured,  al^ough 
exceptionally  well  preserved,  is.  the  only  one 
present  in  the  collections  from  Erie.  It  is  al- 
most entire  in  the  upper  portion  and  sparingly 
toothed  below,  but  otherwise  it  is  very  much 
like  the  figures  of  Gymnogramma  haydenii,  It 
is  rather  more  robust  than  the  figures  of  the 
English  species  shown  by  Gardner  and  Ettings- 
hausen  would  imply,  though  it  approaches  that 
species  most  closely.  I  have  questioned  the 
reference  of  the  Erie  specimen  to  Anemia  sub- 
creiacea rather  than  make  a  new  species.  If 
additional  material  can  be  procured  it  may 
serve  to  settle  the  status  of  this  form. 

Occurrence:  Laramie  formation,  ?Erie,  Colo.; 
Mesaverde,  ?Point  of  Rocks,  Wyo.;  Puget 
group,  ^Washington. 

Anemia  supercretacea  HoUick. 

Anemia  supercretacea  HoUick,  Torreya,  vol.  2,  p.  145,  pi. 
3,  figs.  6,  7,  1902. 

Cockerell,  Torreya,  vol.  9,  p.  142,  1909. 

• 

This  species  was  described  by  HoUick  from 
material  collected  in  the  well-known  reddish 
sandstone  at  Florence,  Colo.,  from  beds  then 
supposed    to   be  of    Laramie   age  but  subse- 

»  Knowlton,  F.  H.,  U.  8.  Qeol.  Survey  Bull.  163,  pp.  2a-22, 1900. 
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quently  determined  to  belong  to  the  Vermejo 
formation  of  the  Montana  group.  It  is  re- 
corded from  the  Laramie  at  Marshall,  Colo., 
by  Cockerell,  who  says: 

Found  first  at  Marshall  by  Paul  Haworth.  Our  speci- 
mens run  a  little  larger  than  Hollick's  but  appear  to  be 
otherwise  quite  identical;  the  pinnules  are  entire.  The 
plant  may  possibly  be  a  variety  of  Anemia  haydenii 
(Gymnogramma  Kdydenii  Lesquereux,  1872),  which  appears 
to  be  distinctly  different  from  A,  subcretacea  (Saporta) 
Gardner  and  Ettingshausen  as  originally  figured  by 
Saporta. 

I  have  not  seen  the  material  mentioned  by 
Cockerell,  nor  has  Anemia  been  noted  in  any 
of  the  collections  from  Marshall  and  vicinity 
that  have  passed  through  my  hands,  though  I 
have  no  reason  to  doubt  the  above  determina- 
tion. 

Occurrence:  Vermejo  formation,  Florence, 
Colo,  (type);  Laramie  formation,  Marshall, 
Colo.,  reported  by  Prof.  T.  D.  A.  Cockerell. 

Anemia  8p. 

Plate  II,  figure  1. 

Anemia  sp.  Knowlton  [nomen],  U.  S.  Geol.  Survey  Bull. . 
693,  p.  75,  1919. 

In  the  material  from  a  locality  a  few  miles 
north  of  Colorado  Springs  there  is  a  single  frag- 
ment of  the  pinnule  of  an  Anemia,  The  mat- 
rix on  which  it  is  preserved  is  so  coarse  grained 
that  only  the  outliile  can  be  made  out  with  cer- 
tainty. The  nervation  appears  to  consist  of 
slender  veins  at  a  rather  acute  angle,  but  their 
manner  of  forking  can  not  be  seen. 

This  fragment  is  very  readily  comparable 
with  various  species  of  Anemia^  especially 
Anemia  svbcretacea,  but  it  is  so  poorly  pre- 
served and  so  small  that  it  is  best  left  without 
speculation  as  to  its  specific  identification. 

Occurrence :  Laramie  formation,  opposite 
sand-lime  brick  works  about  4  miles  north  of 
Colorado  Springs,  Colo.,  collected  by  A.  C. 
Peale  and  G.  I.  Finlay,  1908. 

Lygodlam7  compactnm  Lesqnereux. 

Plate  I,  figure  1  (type). 

Lygodium  compactum  Lesquereux,  Am.  Jour.  Sci.,  2d  ser., 
vol.  16,  p.  206,  1868;  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Kept,  for  1869,  p.  196  [reprint,  1875]; 
idem  for  1873,  p.  380,  1874;  idem  for  1876,  p.  498, 
1878;  Tertiary  flora:  U.  S.  Geol.  Survey  Terr. 
Pept,,  vol.  7,  p.  64,  pi.  5,  fig.  9,  1878.  [Lesque- 
reux's  figure  of  the  type  is  here  reproduced.] 


The  type  and  so  far  as  known  the  only  speci- 
men ever  obtained  of  this  species  is  No.  118  of 
the  fossil-plant  collections  of  the  United  States 
National  Museum.  It  is  a  small  fragment 
preserved  on  a  piece  of  hard;  rather  coarse- 
grained sandstone,  and  is  very  obscure. 

There  is  much  imcertainty  as  to  the  proper 
disposition  of  this  specimen.  It  is  so  frag- 
mentary and  its  nervation  is  so  poorly  pre- 
served that  a  satisfactory  characterization  of 
it  is  impossible.  There  is  even  some  doubt  as 
to  whether  it  is  a  fern.  But  in  the  absence  of 
additional  specimens  or  further  information 
concerning  the  type,  it  is  retained  as  left  by 
its  author,  in  the  hope  that  future  exploration 
may  clear  up  its  position,  though  at  present  it 
is  not  of  much  value. 

Occurrence:  Laramie  formation,  Marshall 
mine,  Mai^hall,  Colo.,  original  collection  of 
F.  V.  Hayden. 

Order  BQUISXTALXS. 

Family  XQTTISETACXAE. 

Eqnlsetain  perlaevlsatain  Cockerell. 

Plate  I,  figures  8,  9. 

Equisetum  perlaevigatum  Cockerell,  West  Am.  Scientist, 
vol.  6,  p.  154,  1889. 

Equiaetum  laevigatum  Lesquereux,  U.  S.  Geol.  and  Ceog^. 
Survey  Terr.  Ann.  Kept,  for  1873,  p.  395,  1374; 
idem  for  1876,  p.  498,  1878;  Tertiary  flora:  U.  S. 
Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  68,  pi.  6, 
figs.  6,  7,  1878.  [Lesquereux's  original  figure?  are 
here  reproduced.]    [Homonym,  Al.  Braun,  1867.] 

This  so-called  species  is  a  very  unsatisfactory 
one  indeed.  The  material  upon  which  it  is 
founded  is  preserved  in  the  United  States 
National  Museum  (Nos.  42,  43)  and  represents, 
so  far  as  known,  all  that  has  ever  been  foimd. 
The  larger  specimen  (original  of  Lesquereux's 
fig.  7),  from  Sand  Creek,  Colo.,  is  very  obscure 
and  has  more  the  appearance  of  a  piece  of 
dicotyledonous  bark,  or  the  impression  of  a 
stem.  Its  surface  is  wrinkled  irregularly 
rather  than  striately,  and  the  so-called  tuber- 
cles can  hardly  be  made  out.  As  a  factor  in 
the  distribution  of  the  species  this  specimen 
can  safely  be  ignored. 

The  smaller  specimen  (original  of  Lesque- 
reux's  fig.  6) ,  from  the  hard  white  sandstone  at 
Golden,  Colo.,  is  without  doubt  a  portion  of 
the  underground  stem  of  an  Equisetum,  but  it 
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could  probably  not  be  distinguished  from  cer- 
tain other  described  species,  and  the  advisa- 
bility of  retaining  it  is  open  to  question.  It  is 
permitted  to  stand  simply  for  the  purpose  of 
showing  that  the  horsetails  were  present  in 
these  beds,  though  it  may  be  but  poorly  char- 
acterized. 

,,  Occurrence:  Laramie  formation,  Golden, 
Colo.,  original  Museum  collections. 

Phyliim  SPEBKATOPHTTA. 
CUss  OTMNOSFSBMAB. 

Order  CONIFESALES. 

TamUy  ABAUGABIAGXAB. 

Dammara  sp. 

Plate  II,  figure  4. 

Dammara  sp.  Knowlton  [nomen],  U.  S.  Geol.  Survey  Bull. 
696,  p.  228,  1919. 

In  the  collection  from  the  wooded  bluff  south 
of  Marshall,  Colo.,  there  is  a  single  fragmentary 
scale  that  appears  to  be  a  Dammara.  It  is 
about  13  millimeters  long  and  some  8  milli- 
meters wide  at  the  broadest  point;  it  is  strongly 
ribbed.  The  apical  portion  is  broken  away, 
so  it  is  impossible  to  observe  the  spine  of  the 
scale,  if  there  was  one.  The  specimen  is  so 
fragmentary  that  it  is  hardly  worth  while  to 
institute  any  comparisons  with  published 
forms.  It  was  found  in  the  association  with 
RJiamnus  salicifciius,  Rhamnus  goldianust,  and 
the  fragment  of  a  fern  described  as  Pterist  sp. 

Occurrence:  Laramie  formation,  Marshall, 
Colo.,  wooded  bluff  just  south  of  station,  high- 
est point  in  section,  collected  by  A.  C.  Peale. 

FamUy  TAZODIACSAE. 
Sequoia  acmninata?  Lesquerenz. 

Plate  II,  figures  7,  8. 

Sequoia  acummata  Leequereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Kept,  for  1874,  p.  310,  1875; 
idem  for  1876,  p.  500,  1878;  idem,  Bull.,  vol.  1, 
No.  5,  2d  eer.,  p.  384,  1876;  Tertiary  flora:  U.  S. 
Geol.  Survey  Terr.  Kept.,  vol.  7,  p.  80,  pi.  7,  figs. 
15-16a,  1878. 

The  type  specimens  of  this  species  are  sup- 
posed to  be  preserved  in  the  United  States 
National  Museum  (No.  62),  but  they  can  not 
now  be  found.  So  far  as  can  be  made  out 
from  the  figures  it  seems  to  be  very  close  to 


Sequoia  longifolia  Lesquereux,   a  fact  which 
Lesquereux  recognized,  as  he  says: 

This  species  differs  from  the  former  by  the  proportion- 
ally narrower  leaves,  with  a  very  distinct  middle  nerve, 
and  smooth  surfaces;  also  by  the  stem,  which  is  striate 
when  decorticated.  *  ♦  ♦  The  average  size  of  the 
leaves  is  about  the  same  in  both  forms,  the  leaves  varying 
from  3  to  6  centimeters  long  and  from  2  to  5  millimeters 
broad. 

■ 

In  the  collection  from  Cowan  station  there 
is  a  single  fragment  that  may  belong  to  this 
species,  but  it  is  so  fragmentary  that  the 
essential  characters  can  not  be  made  out  with 
certainty. 

The  two  examples  figured,  though  frag- 
mentary and  not  well  preserved,  appear  to 
agree  in  all  essential  features  with  the  speci- 
mens figured  by  Lesquereux. 

Occurrence:  Post-Laramie,  Black  Buttes, 
Wyo.  (types).  Laramie  formatioii,  ?  Cowan 
station,  10  miles  south  of  Denver,  Colo.,  col- 
lected by  F.  H.  Knowlton;  cut  on  Moffat  rail- 
road (Denver  &  Salt  Lake)  near  Leyden  Gulch, 
Colo.,  collected  by  A.  C.  Peale.  Dawson 
arkose,  Templeton  Oap,  4  miles  northeast  of 
Colorado  Springs,  Colo.,  collected  by  A.  C. 
Peale,  1908. 

Sequoia  relchenbachi  (Geinitz)  Heer. 

Plate  XX,  fig:ures  1.  2. 

Arauearitesreichenba(^i  Geinitz  t  Gharakteristik  der  Schicht- 
enund  Petrefiicten  des  s&chsisch-bdhmischen  Krei- 
degebiiiges,  pt.  3,  p.  98,  pi.  24,  fig.  4, 1842. 
Sequoia  reicheribachi  (Geinitz)  Heer,  Flora  fossilis  arctica, 

vol.  1,  p.  83,  pi.  43,  figs.  Id,  2b,  5a,  1868. 
Lesquereux,  U.  S.  Geol.  Survey  Terr.  Kept.,  vol.  6, 

p.  51,  pi.  1,  figs.  10-lOb,  1874;  U.  S.  Geol.  Survey 

Mon.  17,  p.  35,  pi.  2,  fig.  4, 1892. 
HoUick,  New  York  Acad.  Sd.  Trans.,  vol.  12,  p.  30, 

pi.  1,  fig.  18,  1892. 
Fontaine,  U.  S.  Geol.  Survey  Mon.  15,  p.  243,  pi.  118, 

figs.  1,  4;  pi.  119,  figs.  1-5;  pi.  120,  figs.  7,  8;  pi.  122, 

fig.  2;  pi.  167,  fig.  5,  1889. 
Dawson,  Roy.  Soc.  Canada  Trans.,  vol.  3,  p.  21,  1882. 
Newberry,  U.  S.  Geol.  Survey  Mon.  26,  p.  49,  pi.  9, 

fig.  19,  1896. 
Knowlton,  U.  S.  Geol.  Survey  Mon.  32,  pt.  2,  p.  657, 

1898. 

In  the  collection  from  Coal  Creek,  Boulder 
County,  Colo.,  there  is  a  single  specimen  which 
I  am  unable  to  separate  from  many  of  the  fig- 
ures referred  to  Sequoia  reichenhachi,  and  I 
have  so  regarded  it.  As  may  be  noted  in  the 
figure  (PI.  XX,  fig.  1),  it  is  a  fairly  well  pre- 
served specimen  with  a  large  main  branch  and 
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several  smaller  branchlets  bearing  rather  closely 
appressed,  sharp-pointed  loaves.  It  is,  for  ex- 
ample,  hardly  to  be  distinguished  from  figures 
of  this  species  given  by  Velenovsky  *^  from  the 
Cretaceous  of  Bohemia.  I  also  find  in  the' old 
United  States  National  Museum  collections  a 
single  specimen,  recorded  under  No.  865,  which 
was  collected  at  Coal  Creek  by  George  Hadden. 
It  was  not  figured  by  Lesquereux  and  repre- 
sents the  impression  of  a  fragment  from  a  large 
branch.  It  is  indistinguishable  from  figure  23 
of  Plate  VII  in  Lesquereux's  ''  Tertiary  flora."  " 

Among  the  specimens  collected  by  Arthur 
Lakes  at  Moimt  Carbon,  Morrison,  Colo.,  from 
the  sandstone  near  the  coal  seam,  are  a  number 
of  rather  poorly  preserved  but  evidently  large 
branches  of  a  conifer  that  I  am  unable  to  distin- 
guish from  this  species.  By  taking  an  impres- 
sion in  clay  the  original  form  of  the  branches  is 
restored  in  a  fairly  satisfactory  manner.  The 
leaves  are  seen  to  be  rather  long,  sharp 
pointed,  and  spreading,  but  with  incurved  tips. 

The  small  collection  made  on  Crow  Creek, 
Colo.,  contains  three  rather  poorly  preserved 
specimens  of  conifers  that  appear  to  be  refer- 
able to  this  species.  They  are  long,  slender 
twigs  covered  with  short,  appressed  scalelike 
leaves  and  apparently  additional  more  slender 
leaves.  They  are  not  well  enough  preserved 
to  warrant  a  positive  reference  to  this*  or  any 
other  species. 

Occurrence:  Laramie  formation,  Coal  Creek, 
Boulder  County,  Colo.,  collected  by  N.  L. 
Britton  about  1884;  Moimt  Carbon,  Morrison 
Colo.,  collected  by  A.  Lakes  in  1890;  Crow 
Creek  about  25  miles  northeast  of  Greeley, 
Colo.,  collected  by  F.  H.  Knowlton  and  T.  W. 
Stanton,  1806.     The  last  is  questionable. 

Sequoia  longifolia  Lesquereux. 

Plate  III,  figure  3;  Plate  IV,  figure  2. 

Sequ&ia  longifolia  Lesquereux,  U.  S.  Geol.  and  Geog.  Sur- 
vey Terr.  Ann.  Kept,  for  1874,  p.  298,  1876;  Tertiary 
flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  79, 
pi.  61,  figs.  28,  29  [not  pi.  7,  figs.  14,  14a,  which  = 
Sequoia  magni/olia  Knowlton]. 

GeiniUia  Umgi/olia  (Lesquereux)  Knowlton,  U.  S.  Geol. 
Survey  Bull.  63,  p.  28,  1900. 

Cunninghamitesf  sp.?  Knowlton,  U.  S.  Geol.  Survey  Bull. 
163,  p.  29,  pi.  5,  fig.  3,  1900. 


•  Velenovsky,  Josef,  Die  Gymnospennen  der  bdhmlichen  Krelde- 
forraation,  pi.  9,  figs.  12,  14,  etc.,  1885. 
«  U.  8.  Geol.  Suney  Terr.  Rept.,  vol.  7, 187S. 


There  appears  to  be  some  confusion  regarding 
Lesquerenx's  Seqiwia  longifolia.  So  far  as  can 
be  made  out,  Lesquereux  had  specimens  of  a 
long-leaved  conifer  from  Black  Buttes,  Wyo., 
to  which  it  is  inferred  he  gave  the  manuscript 
name  '^ Seqvoia  longifolia.^'  Before  this  species 
was  published,  however,  specimens  thought  to 
represent  the  same  species  were  obtained  from 
Point  of  Rocks,  Wyo.,  and  the  name  was  first 
published  in  the  Hayden  Annual  Report  for 
1874  (1876),  page  298,  imder  the  designation 
^*  Sequoia  longifolia  Lesq.,  MSS."  In  explana- 
tion he  adds:  ''This  species  was  already  de- 
scribed from  Black  Buttes  specimens.''  I  can 
not  find  that  it  was  ever  published  in  connec- 
tion with  the  Black  Buttes  specimens,  and  it 
seems  that  when  Lesquereux  actually  came  to 
publishing  a  report  on  the  Black  Buttes  mate- 
rial he  changed  the  name  of  the  long-leaved 
conifer  conunon  at  that  place  to  Sequoia  acumi- 
nxUa,^  It  is  certain  that  he  nowhere  definitely 
recorded  Sequma  longifolia  as  coming  from 
Black  Buttes,  nor  has  it  since  been  found  there. 

If  the  above  interpretation  is  correct,  as  it  is 
believed  to  be,  it  establishes  Point  of  Rocks, 
Wyo.,  as  the  type  locality  for  Sequoia  longi- 
folia and  excludes  the  species  from  Black 
Buttes.  The  type  specimens  are  the  originals 
of  figures  28  and  29  of  Plate  LXI  of  the  ''Ter- 
tiary flora"  and  are  Nos.  73  and  74,  respec- 
tively, of  the  United  States  National  Museum 
collections.  This  leaves  the  specimen  figured 
under  this  name  in  Plate  VII,  figures  14,  14a, 
of  the  "  Tertiary  flora"  still  to  be  accounted  for. 
It  is  said  *'  to  have  come  from  the  "  Haley  coal 
mine,  10  miles  northeast  of  Greeley,  Colo. 
(A.  C.  Peale)";  it  is  No.  61  of  the  United 
States  National  Museum  collections.  I  was 
informed  by  Dr.  Peale  that  this  statement  was 
in  error,  as  he  did  not  collect  it  and  was  never 
at  this  locality.  Inasmuch  as  Lesquereux 
pointed  out  certain  marked  differences  between 
the  Point  of  Rocks  and  Greeley  specimens  and 
added,  "It  may  be,  therefore,  that  these  speci- 
mens represent  two  different  species,"  and  in 
further  consideration  of  the  uncertainty  regard- 
ing the  so-called  Greeley  specimen,  it  is  appar- 
ently justifiable  to  consider  only  the  Point  of 


fl  U.  S.  Oe3l.  Survey  Terr.  Bull.,  vol.  1,  No.  5,  2d 
U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  80, 1878. 
«  Lesquereux,  Le'),  op.  clt.,  p.  80. 


.,  p.  384, 1876; 
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Rocks  specimens  in  the  present  comparisons 
and  discussions.  Additional  specimens  from 
Point  of  Rocks  were  procured  by  L.  F.  Ward 
in  1883/*  but  none  have  been  found  in  or  about 
the  supposed  Greeley  locality. 

In  the  light  of  material  recently  studied  it 
now  seems  probable  that  the  specimen  from 
the  North  Fork  of  Button  Creek,  Laramie 
Plains,  Wyo.,  which  I  figured  and  described 
under  the  name  Cunninghamitesf  sp.,  "  should 
be  referred  to  the  present  form.  Although  the 
full  characters  can  not  be  made  out,  owing  to 
poor  preservation,  the  general  appearance  is 
the  same  as  in  many  specimens  that  un- 
doubtedly belong  to  Sequoia  longifolia. 

It  was  suggested  by  Schenk  *•  a  number  of 
years  ago  that  Lesquereux's  Sequoia  longifolia 
should  be  referred  to  the  genus  Oeinitzia,  and 
as  cones  had  not  been  found  at  that  time,  I 
adopted  the  suggestion  and  in  my  ''Flora  of 
the  Montana  formation''*'  transferred  it  to 
this  genus.  Although  cones  have  not  been 
found  in  connection  with  these  specimens,  they 
have  been  found  attached  to  specimens  that 
are  now  described  under  the  name  Sequoia 
magnifolia  Knowlton,**  and  as  these  two  forms 
are  undoubtedly  congeneric  it  is  best  to  refer 
them  all  to  Sequoia. 

The  material  from  Marshall,  Colo.,  includes 
several  specimens  of  coniferous  branches  that 
are  not  to  be  distinguished  from  Sequoia 
longifolia  as  described  and  figured  by  Les- 
quereux  from  Point  of  Rocks,  Wyo.  One  of 
the  best  of  these  branches  is  here  figured.  It 
is  a  thick  branch  1  centimeter  in  diameter  and 
about  15  centimeters  long.  The  scars  on  the 
branch  and  the  insertion  of  the  long,  slender, 
acuminate  leaves  are  the  same  as  shown  in 
figure  29  of  Plate  LXI  in  the  ''Tertiary  flora." 
The  manner  in  which  the  leaves  are  matted 
together  is  also  the  same,  and  there  can  be  no 
reasonable  doubt  of  their  identity  with  Les- 
quereux's  species. 

A  single  poorly  preserved  branchlet  (shown 
in  PI.  IV,  fig.  2)  from  Cowan  station,  south  of 
Denver,  appears  to  belong  to  this  species. 

«  Knowltan,  F.  H.,  U.  S.  Geol.  Survey  Bull.  163,  p.  28, 1900. 

4»  Idem,  p.  29,  pi.  5,  tig.  3. 

<•  Schenk,  A.,  in  Zittel,  K.  A.,  Handbuch  der  Palaeontologie,  Abt.  2, 
pp.  301,  302, 1880. 

"  Knowlton,  F.  H.,  U.  S.  Geol.  Survey  Bull.  163,  p.  28,  1900. 

«  Knowlton,  F.  H.,  The  flora  of  the  Fox  Hills  sandstone:  U.  S.  Geol. 
Survey  Prof.  Paper  98,  p.  88,  pi.  15,  figs.  1-3, 1916. 


Occurrence:  Mesaverde  formation,  Point  of 
Rocks,  Wyo.  (type  locality).  Laramie  forma- 
tion, Marshall,  Colo.,  railroad  cut  between  old 
and  new  stations,  collected  by  A.  C.  Peale,  1908; 
Cowan  station,  10  miles  south  of  Denver,  Colo., 
collected  by  F.  H.  Kjiowlton,  1908. 

Order  CTCADALES. 

FamUy  CTCADACEAE. 

Cyeadeoidea  mirabilis  (LeBquereuz)  Ward. 

Cycadeoidea  mirabilis  (Lesquereux)  Ward,  Biol.  Soc.  Wash- 
ington Proc,  vol.  11,  p.  86,  1894. 

Zamio8trobus  mirabilis  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Bull.,  vol.  1,  No.  5,  2d  ser.,  p.  383, 
1876;  idem,  Ann.  Kept,  for  1874,  p.  309,  1876; 
Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Kept.,  vol. 
7,  p.  70,  pi.  63,  figs.  1-ld,  1878. 

Nelumhium  James,  Science,  vol.  3,  p.  434,  1884. 

Claihropodium  mirabUe  (Lesquereux)  Ward,  Science,  vol. 
3,  p.  532,  1884. 

Cycadeoidea  zamiostrobiis  Solms,  Real,  accad.  sci.  Ist. 
Bologna  Mem.,  5th  ser.,  vol.  2,  p.  210,  1892. 

It  is  extremely  doubtful  whether  this  species 
should  properly  be  included  in  this  work,  but 
I  have  given  it  the  benefit  of  the  doubt.  It 
was  found  by  F.  V.  Hayden  lying  on  the  sur- 
face of  the  ground  near  Golden,  Colo.,  within 
the  Laramie  area,  but  it  probably  belonged  to 
a  more  ancient  formation,  from  which  it  had 
been  transported.  The  microscopic  appear- 
ance of  this  interesting  species  was  well  de- 
scribed and  fairly  well  figured  by  Lesquereux, 
and  the  internal  structure  has  been  admirably 
worked  out  by  Count  Solms,  to  whom  the 
cutting  and  study  of  the  specimen  was  sul)- 
mitted.  It  is  mentioned  further  by  G.  R. 
Wieland  in  his  work  on  American  fossil 
cycads.*" 

Occurrence:  Laramie  formation  (?),  near 
•  Golden,  Colo. 

Class  ANGIOSPERMAS. 

Subclass  MOKOCOTYLEDONAS. 

Order  OBAMINALBS. 

FamUy  CYPEBACEAS  ? 

Cyperacites?  hiilsii  Knowlton,  n.  sp. 

Plate  XX,  figure  6. 

Cyperacites  f  hiilsii  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  222,  1919. 

Leaves  flat,  without  keel;  nerves  numerous, 
parallel,  5  millimeters  apart,  with  a  single  more 

•  Carnegie  In'Jt.  Washington  Pub.  34,  vol.  2,  p.  109,  rl.  1,  flg^  1, 2.  IfllC. 
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delicate  intermediate  nerve  between  the  prin- 
cipal ones. 

The  material  upon  which  this  form  is  based 
is  in  reality  hardly  sufficient  for  the  proper 
characterization^  of  a  new  species,  but  as  it 
appears  to  differ  from  all  other  Laramie  species 
already  described  it  must  receive  a  name.  It 
is  based  on  fragments  of  leaves  7  or  8  centi- 
meters long  and  from  1  to  1.5  centimeters 
wide.  They  are  marked  by  numerous  parallel 
veins  about  5  miUimeters  apart,  with  slender 
intermediate  veins,  one  between  every  two  of 
the  stronger  ones.  It  is  named  in  honor  of 
Mr.  R.  C.  Hills,  of  Denver,  Colo. 

Occurrence:  Laramie  formation,  Erie  and 
Coal  Creek,  Colo. 

CyperadtesT  tessellatns  Knowlton,  n.  sp. 

Plate  III,  figures  1,  2. 

Cyperadteaf  tessellattta  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  222,  1919. 

In  the  material  from  Popes  Bluff,  the  locality 
earlier  known  as  the  Hecdey  coal  mine,  there 
are  several  fragments  of  a  large  monocoty- 
ledonous  leaf  that  is  very  strongly  marked. 
Neither  the  length  nor  the  width  can  be  ascer- 
tained, though  there  are  fragments  8  centi- 
meters long  and  5  or  6  centimeters  wide.  It  is 
provided  with  strong,  deeply  impressed  longi- 
tudinal veins  which  are  a  little  less  than  1 
millimeter  apart  and  without  intermediate 
veins.  It  is,  however,  also  provided  with 
cross  veins,  which  are  nearly  as  deeply  im- 
pressed as  the  others  and  cut  the  space  between 
the  veins  into  very  regular  rectangular  areas 
about  1  millimeter  long.  This  was  evidently  a 
thick,  firm  leaf,  as  the  veins  and  cross  veins  are 
so  deeply  impressed. 

The  proper  generic  reference  for  this  form  is 
uncertain.  Superficially  it  resembles  Zingi- 
herUes  dubius  Lesquereux,"  from  the  Denver 
formation,  but  it  is  excluded  at  once  by  the 
fact  that  the  latter  species  has  six  or  seven  very 
thin  veins  between  the  strong  veins.  It  also 
resembles  certain  leaves  that  have  been  re- 
ferred to  Typha,  such  as  Typha  latisaima  Heer,*^ 
but  it  is  twice  the  width  of  even  the  largest 
leaves  of  that  species  and  has  three  or  four 
intermediate  veins  between  the  larger  ones. 
The  cross  veins  in  Typha  are  very  much  like 

£•  Leiqueroux,  Leo,  U.  8.  Geol.  Sun*ey  Terr.  Rept.,  vol.  7,  p.  95,  pi. 
10,  fig.  1,  1878, 
■>  Heer,  Oswald,  Flora  tertlaria  Helvetiae,  vol.  1,  pis.  43,  44, 1855. 


those  in  the  present  specimens,  but  none  of  the 
nervation  is  deeply  impressed. 

Occurrence :  Laramie  formation,  Popes  Bluff, 
west  of  Pikeview,  Colo.  (sec.  14,  T.  13  S.,  R.  67 
W.),  collected  by  A.  C.  Peale  and  M.  L  Gold- 
man, 1908. 

CTperadtes?  sp. 

Plate  IV,  figrure  1. 

Cyperaeitea?  ep.  Knowlton  Inomen],  U.  S.  Geol.  Survey 
Bull.  696,  p.  223,  1919. 

The  collections  from  Leyden  Gulch  contain  a 
number  of  specimens  that  are  somewhat  diffi- 
cult of  interpretation,  though  obviously  they 
are  of  monocotyledonous  type.  They  appear 
to  represent  the  stems  and  leaves  of  some  plant 
resembling  a  sedge  or  possibly  a  grass.  They 
are  from  8  to  10  millimeters  wide  and  nearly  1 
millimeter  in  thickness  as  now  compressed; 
what  appear  to  be  leaves  of  the  same  plant  are 
1.5  centimeters  wide.  They  are  provided  with 
numerous  very  fine,  close,  parallel  nerves, 
about  8  or  10  to  each  millimeter.  There  is  a 
little  evidence  to  show  that  some  of  the  nerves 
are  slightly  heavier  than  the  others,  but  the 
difference  is  not  marked.  There  is  also  some 
evidence  of  the  presence  of  cross  veins,  but  this 
is  very  obscure. 

This  form  is  of  no  particular  importance  bio- 
logically and  is  described  simply  for  the  pur- 
pose of  showing  that  certain  plants  of  this 
general  type  were  present  at  this  time. 

Occurrence:  Laramie  formation,  Leyden 
Gulch,  6^  miles  north  of  Golden,  Colo.,  collected 
by  A.  C.  Peale,  1908. 

FamUy  OSAMINXAX. 
Phragmites  laramlanns  CockerelL 

Phragmite$  laramianus  Gockerell,  Toireya,  vol.  9,  p.  141, 

1909.* 
Phragmites  oeningenns  Al.  Braun.    Lesquereux,  Tertiary 

flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  88, 

pi.  8,  figs.  1,  2,  1878. 

The  specimens  figured  by  Lesquereux  in  the 
'^Tertiary  flora''  under  the  name  Phrdgmites 
oeningensis  are  preserved  in  the  collections  of 
the  United  States  National  Museum  (Nos.  93, 
94).  They  came  from  Golden,  Colo.,  the 
matrix  on  which  they  occur  being  the  hard 
white  sandstone  characteristic  of  the  Laramie 
at  that  locality.  These  specimens  are  before 
me  and  appear  to  have  been  fairly  well  figured 
and    described.     They    are    mere    fragments, 
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however,  and  fail  to  show  any  very  marked 
characters.  The  specimen  shown  in  Lesque- 
reux's  figure  2  is  a  ribbed,  intranodal  portion  of 
a  stem  about  4.5  centimeters  long  and  2  centi- 
meters broad;  it  does  not  exhibit  any  of  the 
characters  of  the  node  or  .joint.  The  small 
fragment  just  below  it  is  without  markings 
except -for  the  deep  scar  at  one  end.  It  is 
wholly  unconnected  with  the  other  fragments, 
and  there  is  no  certainty  that  they  were  organ- 
ically in  union.  The  specimen  of  Lesquereux's 
figure  1  appears  to  represent  roots  or  under- 
ground portions  with  scattered  scars  which 
may  indicate  the  origin  of  the  rootlets,  but  this 
point  is  obscure.  Its  connection  with  the 
ribbed  portion  of  the  stem  is  purely  conjec- 
tural. 

The  material  from  Hoyt's  mine,  near  Golden, 
contains  a  single  fragment  of  a  ribbed  stem  like 
that  shown  in  Lesquereux's  figure  2,  but  it  is 
even  shorter  than  the  one  figured  and  shows 
none  of  the  nodal  characters.  A  small  stem 
evidently  referable  to  this  form  was  con- 
tained in  the  material  from  Mount  Carbon,  near 
Morrison,  but  it  adds  nothing  to  our  knowledge 
of  this  plant. 

The  question  has  arisen  as  to  the  propriety 
of  identifying  these  American  plants  with  the 
European  Phragmites  oeningensis.  A  com- 
parison with  the  figures  of  the  Old  World  form, 
such  as  those  of  specimens  from  the  Swiss 
Miocene  given  by  Heer,"  discloses  a  strong 
generic  resemblance,  and  possibly  there  would 
also  be  specific  resemblance  if  the  essential 
characters  of  our  specimens  could  be  fully 
made  out.  As  already  pointed  out,  no  speci- 
men appears  to  have  been  found  which  shows 
the  full  node  with  its  markings.  The  strong 
ribs  on  the  European  specimens  have  usually 
about  six  intermediate,  much  slenclerer  veins 
between  them.  The  Golden  specimens  are 
preserved  on  a  rather  coarse  grained  rock  which 
obscures  the  intermediate  veins,  but  so  far  as 
can  be  made  out  there  are  not  more  than  three 
between  the  strong  ribs.  In  view  of  the  strati- 
graphic  difference  between  these  American  and 
the  European  specimens,  it  seems  best  not  to 
identify  the  Laramie  forms  with  Phrdgmiies 
oeningensis, 

Cockerell  in  1909  separated  the  American 
specimens  under  the  name  Phragmites  lara- 
mianus. 


Occurrence:  Laramie  formation,  Golden, 
Colo,  [original  Lesquereux  specimens  figured  in 
the  ''Tertiary  flora"  as  P.  oeningensis];  Hoyt's 
coal  mine,  1  mile  south  of  Golden,  Colo.,  col- 
lected by  Arthur  Lakes,  1890;  Mount  Carbon, 
Morrison,  Colo.,  sandstone  near  coal  seam,  col- 
lected by  Arthur  Lakes,  1890. 

Order  ULIALBS. 

FamUy  SMILACEAEf 

Smllaz?  inqnlrenda  Knowlton,  n.  sp. 

Plate  IV,  figure  5. 

Smilaxf  inquirenda  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  602,  1919. 

Leaf  of  medium  size,  apparently  firm  in  tex- 
ture, ovate,  abruptly  rounded  to  the  slightly 
heart-shaped  base;  apex  destroyed;  nervation 
palmate,  five-ribbed  from  the  base  of  the  blade, 
midrib  and  next  pair  of  ribs  about  equally 
strong,  the  ribs  passing  up  apparently  to  the 
apex  of  the  leaf;  lower  pair  of  ribs  slenderer, 
much  curved  upward,  ending  near  or  below  the 
middle  of  the  leaf,  Secondary  branches  few, 
thin,  camptodrome.  _ 

This  leaf  was  probably  about  7  centimeters 
long  when  perfect  and  is  4.5  centimeters 
wide.  It  may  be  known  by  its  ovate-elliptical 
outline,  rounded,  slightly  heart^haped  base, 
and  five  ribs,  the  three  inner  ones  being  of 
nearly  equal  strength;  these  ribs  pass  up 
nearly  or  probably  quite  to  the  apex  of  the 
blade.  The  secondary  and  finer  nervation  is 
obscure. 

SmUax  grandifolia  Unger,  or  S.  carhonensis, 
as  it  has  recently  been  named  by  Cockerell,*' 
was  reported  by  Lesquereux**  from  the  Laramie 
at  the  Franceville  mines,  near  Colorado  Springs, 
but  the  material  on  which  this  determination 
was  based  is  not  now  available,  nor  is  the 
species  contained  in  the  recent  collections  from 
that  locality.  The  present  leaf  differs  from 
S,  grandifolia  in  being  narrower,  less  heart- 
shaped  at  the  base,  and  five  instead  of  seven 
ribbed;  in  fact,  it  is  not  certain  that  this  leaf 
is  properly  referable  to  the  genus  Smilax, 

Occurrence :  Laramie  formation.  Popes  Bluff, 
west  of  Pikeview,  Colo.  (sec.  14,  T.  13  S.,  R. 
67  W.). 


>>  Heer,  pswald,  Flora  tertiaria  Helvetiae,  vol.  1,  pi.  24, 1855. 


*»  Cockerell,  T.  D.  A.,  Two  now  plants  from  the  Tertiary  of  the  Wert: 
Torreya,  vol.  14,  p.  13.5, 1914. 

M  Le.«quereux,  I^o,  U.  8.  Oeol.  and  Oeog.  Survey  Terr.  Ann.  Rept. 
for  1873,  p.  393, 1875. 


THE  FLORA. 


119 


Order  ABXCALBS. 

FamUy  PALMACSAX . 

SaM  monUuia  Knowlton. 

Plate  III,  figure  4. 

Sabal  montana  Knowlton,  U.  S.  Geol.  Survey  Prof.  Paper 

101,  p.  253,  pi.  32,  fig.  3,  1918. 
SabalUes  grayanus   (Lesquereux)    Lesquereux,    Tertiary 

flora:  U.  S.  Geol.  Survey  Terr.  Rept,  vol.  7,  p.  112, 

pL  12,  fig.  1  [not  pi.  12,  fig.  2],  1878. 
Knowlton,  U.  8.  Geol.  Survey  Bull.  163,  p.  32,  pi.  6, 

fig.  5,  1900. 

Leaves  of  large  size,  perhaps  the  largest  of 
all  species  found  in  the  Rocky  Mountain  area, 
palmate,  with  approximately  90  rays  or  folds; 
petiole  unarmed,  apparently  rounded  on  both 
surfaces,  4  to  6  centimeters  broad,  prolonged 
at  apex  with  a  relatively  short  triangular  point 
that  is  usually  not  more  than  10  or  15  centime- 
ters long,  and  often  only  8  centimeters. 

Notwithstanding  the  fact  that  this  species 
has  been  reported — mainly  under  the  name  pf 
Sahal  or  Sahalites  grayanus — from  a  number  of 
localities,  it  is  still  imperfectly  known.  It  is 
so  large  that  usually  specimens  that  are  any- 
where near  perfect  can  not  be  obtained. 

The  type  locality  for  Sahalites  grayanus  is  the 
Wilcox  group  of  the  Gulf  region,  where,  ac- 
cording to  the  recent  work  of  E.  W.  Berry,  it  is 
not  uncommon  in  several  localities.  It  is  a 
relatively  small-leaved  species  with  a  rather 
slender  petiole  and  fewer  rays  than  'in  S, 
montana,  VV^at  is  believed  to  be  the  same 
species  has  been  found  in  the  Raton  formation 
of  southeastern  Colorado  and  northern  New 
Mexico. 

Sahal  montanxi  was  based  on  material  from 
the  Vermejo  formation  of  the  Raton  Mesa  re- 
gion of  Colorado  and  New  Mexico,  together 
with  the  very  large  leaf  from  the  Mesaverde  for- 
mation at  Point  of  Rocks,  Wyo.,  described  by 
Lesquereux  **  under  the  name  Sahalites  gray- 
anus. The  originaj  of  this  specimen  is  No.  108 
of  the  fossil-plant  collections  in  the  United 
States  National  Museum,  and  I  obtained  an 
additional  example  at  Point  of  Rocks  in  1896. 

The  other  specimen  figured  in  the  '*  Tertiary 
flora"  (PI.  XII,  fig.  2)  is  No.  109  of  the  United 
States  National  Museum  collections.     It  is  said 


»  Lc^uere'ix,  Leo,  The  Te'ti\ry  flora:  U.  8.  Gool.  Survey  Terr. 
Rept.,  vol.  7,  pi.  12,  flg.  1,  1878 


to  have  come  from  the  ^'hard-  sandstone  be- 
tween coal  banks''  at  Golden,  Colo.,  but  an 
examination  of  the  matrix  shows  that  it  is  not 
from  the  sandstone  but  from  the  andesitic  ma- 
terial and  hence  must  have  come  from  the 
Denver  formation.  It  is  the  one  specimen  on 
which  the  presence  of  this  species  in  the  Denvei 
depends,  for  no  leaves  have  been  found  that 
could  with  certainty  be  referred  to  that  forma- 
tion. That  this  specimen  is  the  petiole  of  a 
palm  is  clear,  but  beyond  that  it  is  impossible 
to  go.  It  might  as  well  belong  to  any  of  the 
other  large  pabns,  and  as  a  factor  in  revealing 
the  distribution  of  this  species  it  must  be  dis- 
missed. 

Occurrence:  Laramid  formation,  dump  of 
Reliance  mine.  If  miles  northeast  of  Erie,  Colo., 
collected  by  F.  H.  Knowlton;  Hoyt's  coal 
mine,  1  mile  south  of  Golden,  Colo.,  collected 
by  Arthur  Lakes,  1890. 

Order  JVOLANBALSS. 
FamUy  XUOLANDAGSAS. 

Jnclans  leydenUnus  Knowlton,  n.  sp. 

Plate  V,  figure  1. 

Juglans   leydenianiLs   Knowlton   [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  334,  1919. 

Leaflet  evidently  membranaceous,  apparently 
ovate-lanceolate,  strongly  imequal  sided;  mar- 
gin ^perfectly  entire;  midrib  fairly  strong, 
straight;  secondaries  rather  remote,  alternate, 
thin,  those  on  the  narrow  side  of  (.he  leaflet  at 
an  angle  of  approximately  40^,  then  much 
curved  upward  and  camptodrome,  those  on  the 
broad  side  of  the  leaflet  emerging  nearly  at  a 
right  angle,  then  curved  upward  and  running 
for  a  considerable  distance  just  inside  the  mar- 
gin; nervilles  few,  thin,  oblique  to  the  seconda- 
ries. 

The  fragment  figured,  which  is  apparently 
near  the  middle  of  the  leaflet,  is  all  that  has 
been  found  of  this  form,  and  but  for  the  fact 
that  the  nervation  is  so  strongly  marked,  it 
would  hardly  be  worthy  of  treatment.  The 
length  can  not  be  made  out,  though  it  prob- 
ably exceeded  12  centimeters;  the  width  is 
nearly  7  centimeters. 

Occurrence:  Laramie  formation,  Leyden 
Gulch,  6i  miles  north  of  Golden,  Colo.,  col- 
lected by  F.  H.  Knowlton,  1908. 
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ioglaiis  newbernrl  Kaowltoii,  n.  gp. 

Plate  XX,  figures  8-10. 

Juglans  newberryi  Knowlton  [nomen  nudum] .  U.  S.  Geol. 
Survey  Bull.  696,  p.  335,  1919. 

Leaves  or  leaflets  large,  about  15  centimeters 
long  and  4.5  or  5  centimeters  wide,  with 
entire  margins;  blade  long,  narrow,  wedge- 
shaped  and  strongly  inequilateral  at  base,  rather 
long-acuminate  at  apex;  midrib  thick,  strong; 
secondaries  alternate,  numerous  (about  20 
pairs),  at  an  open  angle,  camptodrome,  arch- 
ing and  joining  just  inside  the  borders,  some- 
times festooned  outside  the  arches;  interme- 
diate secondaries  numerous,  often  extending 
nearly  to  the  margin;  nervilles  strong,  mainly 
percurrent  and  oblique  to  the  secondaries; 
reticulation  obsolete. 

This  fine  species  is  represented  by  four 
specimens,  none  of  which,  however,  is  pre- 
served entire.  Two  of  them  have  the  bases 
preserved,  one  the  apex,  and  the  other  repre- 
sents a  segment  near  the  middle  of  the  blade. 
They  are  rather  long,  narrow  leaflets,  strik- 
ingly inequilateral  at  the  base  and  acuminate 
at  the  apex. 

This  species  calls  to  mind  a  number  of  fossil 
forms,  yet  when  carefully  compared  with  them 
it  is  found  to  differ  from  all.  It  has,  for  ex- 
ample, much  the  shape  and  size  of  Juglans 
deniiculata  Heer,  or  J.  crossii  Klnowlton,  as  it 
is  now  called,**  which  differs  in  having  numer- 
ous sharp  teeth.  It  also  suggests  certain  of 
the  narrower  leaflets  of  J.  rugosa  Lesquereux," 
which  differs  in  general  in  being  more  or  less 
heart-shaped  at  the  base  and  in  having  fewer 
secondaries. 

Juglans  acuminata  Al.  Braun,"  of  the  Swiss 
Miocene,  which,  by  the  way,. it  is  almost  im- 
possible to  distinguish  from  J.  rugosa,  has 
much  the  same  nervation  and  size  as  J,  new- 
berryi  but  differs  in  shape.  Juglans  califor- 
nica  Lesquereux,**  from  the  auriferous  gravels 
of  California,  is  not  greatly  unlike  the  form 
under  discussion,  differing  in  being  obtuse  at 
the  apex  and  less  unequal-sided  at  the  base. 

I  have  named  this  species  in  honor  of  the 
late  Dr.  J.  S.  Newberry,  who  did  so  much  to 
develop  the  paleobotany  of  the  Rocky  Moun- 
tain region. 

8«  V.  S.  GeM.  Survey  Bull.  152,  p.  122,  1898. 

w  U.  9.  Gc?l.  Suney  Terr.  Rept.,  vol.  7,  p.  2R%  pi.  55,  flg^.  1-9, 1878. 

»  FlTra  tcrtiarii  Hdvetiie,  vol.  3,  pi.  128,  figs.  1-10. 

«•  Harvard  Coll.  Mua.  Tomp.  Zoology  Mem.,  vol.  6,  pi.  9,  fig.  14,  1878. 


I      Occurrence:  Laramie  fonnation,  Erie,  Colo., 
,  collected  by  N.  L.  Britton  about  1880. 

I 

■  • 

Joflaiia  laramieuia  KaowltMiy  n.  §^ 

PUte  XX,  figure  12. 

Jvglar.t  laramieuM  Knowlton  [nomen  nudum],    U.    S. 
Geol.  Survey  Bull.  €96,  p.  334,  1919. 

Leaflets  coriaceous,  long  and  narrowly  ovate- 
lanceolate,  often  slightly  unequal-sided  at  the 
base,  rather  gradually  narrowed  from  the 
widest  point,  which  is  about  one-fourth  the 
length  of  the  blade,  to  the  base  and  upward  to 
the  long,  narrow  acuminate  apex;  margin 
entire;  nervation  strongly  and  plainly  marked, 
consisting  of  a  rather  strong,  straight  midrib 
and  some  9  or  10  pairs  of  alternate  or  sub- 
opposite  secondaries  which  arise  at  an  angle, 
curve  considerably  upward,  and  disappear 
close  to  the  margin  or,  especially  in  the  upper 
part,  join  the  secondary  next  above:  nervilles 
numerous,  strong,  both  percurrent  and  broken, 
inclining  to  be  at  right  angles  to  the  midrib  on 
one  side  of  the  blade  and  to  the  secondaries  on 
the  other  side:  finer  nervation  not  retained. 

This  strongly  marked  species  is  represented 
by  several  specimens,  one  of  the  best  of  which 
is  figured.  They  are  lanceolate  or  very 
narrowly  ovate-lanceolate,  with  an  obtusely 
wedge-shaped  base  and  a  long,  gradually 
narrowed,  sharp-pointed  apex.  The  lai^r  of 
these  two  examples  is  9.5  centimeters  in 
lengtli  and  about  3  centimeters  in  width:  the 
smaller  is  about  8  centimeters  in  length  and 
2.25  centimeters  in  width.  The  petiole  is  not 
preserved  in  either. 

This  species  is  very  suggestive  of  Juglans 
schimperi  Lesquereux,**  from  the  Green  River 
formation  at  Green  River,  Wvo.  It  is  of 
practically  the  same  shape  and  size  but  differs 
in  having  only  9  or  10  instead  of  some  18  pairs 
of  secondaries,  which  are  at  a  more  acute  angle 
and  rather  more  arched  upward,  while  the 
nervilles  are  stronger,  more  commonly  per- 
current, and  at  right  angles  to  the  midrib  on 
one  side. 

In  his  treatment  of  Juglans  schimperi  in  the 
'Tertiary  flora^'  Lesquereux  states  •^  that  the 
original  of  his  Plate  L\T!,  figure  9,  came  from 
Golden,  Colo.  This  particular  specimen  is 
fortunately   preserved   in   the   United   States 

•  T^e  Tertliry  flora:  U.  S.  Ge:l.  Survey  Terr.  Rept.,  vol.  7,  pi.  56, 
fig-.  ^-10,  l<t78. 
«  Idem,  p.  2S8. 
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National  Museum  (No.  468),  and  in  the  cata- 
logue of  fossil  plants  it  is  recorded  in  Les- 
quereux's  handwriting  as  having  come  from 
Green  River,  Wyo.  The  matrix  is  not  that 
of  Golden  but  agrees  perfectly  with  the  abun- 
dant material  found  above  the  fish  beds  at 
Green  River,  and  there  is  consequently  no 
reason  for  supposing  that  this  species  has 
ever  been  found  in  the  Denver  beds  at  Golden. 
Occurrence:  Laramie  formation,  Coal  Creek, 
Boulder  County,  Colo.,  collected  by  N.  L. 
Britton  about  1880. 

Jnglans  leconteana  Lesqnereux^ 

Plate  VIII,  figures  1-3  [types]. 

Juglans  leconteana  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Kept,  for  1870,  p.  382,  1872; 
idem  for  1876,  p.  517,  1878;  U.  S.  Geol.  Survey 
Terr.  Rept.,  vol.  7,  p.  285,  pi.  54,  figs.  10-13.  1878 
[figs.  10-12  here  reproduced]. 
Friederich,  Beitrdge  zur  Kentniss  der  TertisLrflora 
von  Sachsen,  p.  150,  pi.  19,  fig.  7,  1883 

This  species  is  in  much  confusion.  Three  of 
the  specimens  figured  in  the  "Tertiary  flora*' 
(figs.  10-12)  are  not  now  and  have  apparently 
never  been  in  the  collections  of  the  United 
States  National  Museum.  They  came,  accord- 
ing to  Lesquereux,  from  the  Marshall  coal 
mine,  in  Boulder  County,  Colo.,  and  are  prob- 
ably lost.  The  original  of  Lesquereux's 
figure  13  is  the  only  one  in  the  United  States 
National  Museum  (No.  453).  It  is  stated  in 
the  "Tertiary  flora"  to  have  come  from  Evans- 
ton,  Wyo.,  but  in  the  Museum  catalogue  it  is 
recorded  from  Black  Buttes,  Wyo.,  in  Les- 
quereux's  handwriting.  This  last  statement 
is  probably  correct,  for  the  fdssil  is  preserved 
in  a  fragment  of  the  "red  baked  shale"  so 
characteristic  of  the  upper  beds  at  this  place. 

In  the  annual  report  of  the  Huyden  Survey 
for  1870,  page  382,  this  species  is  recorded  in  a 
list  of  species  found  at  Raton  Pass,  N.  Mex., 
but  the  specimen  or  specimens  upon  which  this 
statement  is  based  has  never  been  in  the 
United  States  National  Museum,  and  the  refer- 
ence may  safely  be  dismissed  as  an  error. 

Lesquereux  has  also  reported  this  species 
from  Cherry  Creek,  Wasco  County,  Oreg.,  but 
there  was  only  a  single  example,  which  I  ex- 
cluded from  my  flora  of  these  beds  "  on  the 
groimd  that  it  was  so  poorly  preserved  as  to 
be  impossible  of  determination. 


«  U.  8.  Oeol.  Survey  Bull.  204,  p.  88,  1902. 


Friederich  has  identified  this  species  with  a 
leaf  from  the  lower  Oligocene  of  Bomstedt, 
in  Saxony,  remarking  at  the  same  time  that 
he  was  unable  to  draw  any  line  between 
Lesquereux^s  Juglans  rugoaa,  J.  rhamrmdes, 
and  J.  leconteana.  He  also  adds  that  they 
might  better  be  referred  to  Diospyroa,  a 
view  which  can  hardly  be  accepted,  for  J. 
rugosa  at  least.  Lesquereux  himself  acknowl- 
edges that  it  is  hardly  possible  to  distinguish 
this  species  from  J,  rugoaa,  yet  he  says: 

It  differs  by  comparatively  shorter,  broader  leaves, 
which  are  first  rounded,  then  abruptly  curved  or  narrowed 
to  the  short  petiole;  by  the  lateral  nerves  at  a  more  acute 
angle  of  divergence  (40°),  passing  nearly  straight  toward 
the  borders,  with  thin  simple  bows  nearer  to  them. 

Although  the  differences  are  not  great  and 
might  possibly  break  down  with  a  larger 
series  of  specimens  for  comparison,  I  have 
decided  to  maintain  this  species  as  left  by  its 
author,  especially  as  the  types  are  nearly  all 
lost,  and  no  additional  material  is  forth- 
coming. 

Occurrence:  Laramie  formation,  Marshall 
mine,  Marshall,  Boulder  County,  Colo.  Post- 
Laramie  (in  my  opinion),  ?Black  Buttes, 
Wyo.     Evanston  formation  ?,  ?Evanston,  Wyo. 

Jnglans  praemgoMi  Knowlton,  n.  sp. 

Plate  V,  figure  2;  Plate  XXI,  figure  5. 

Juglans  praerugoia  Knowlton  [nomen  nudum],  U.  S.  Geol. 

Survey  Bull.  696,  p.  396,  1916. 
Juglans  rugosa   Lesquereux,   Am.   Jour.    Sci.,   2d  ser. 

vol.  45,  18^8;  U.  S.  Geol.  Survey  Terr.  Third  Ann. 

Rept.,  p.  96,  1869  [reprint,  p.  196,  1873]. 

Leaflets  evidently  rather  thin  in  texture, 
ovate  or  ovate-elliptical,  abruptly  rounded  to 
the  truncate  base  (apex  destroyed);  margin 
entire;  midrib  slender,  straight;  secondaries 
apparently  six  or  seven  pairs,  alternate,  at 
a  low  angle,  camptodrome. 

The  specimens  upon  which  this  form  is  of 
necessity  foimded  are  fragmentary,  and  com- 
plete characterization  is  difficult.  It  appears 
to  be  broadly  ovate  or  perhaps  elliptical-ovate. 
It  may  also  possibly  be  slightly  unequal-sided. 
The  length  was  apparently  about  9  or  10  centi- 
meters, and  the  width  between  4  and  4.5 
centimeters. 

Juglans  rugosa  Lesquereux  was  named  in. 
1868  from  material  obtained  from  the  Marshall 
mine,    Marshall,    Colo.,    but    it    was    neither 
described  nor  figured  at  that  time.     The  only 
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note  of  explanation  then  given  is  as  follows : " 
'*  Very  nearly  related  to  J.  acuminata  Al.  Braun, 
a  species  extensively  distributed  in  the  Euro- 
pean Miocene."  This  note  was  copied  without 
change  by  Hayden  ^  in  1869,  and  the  species 
was  alluded  to  in  several  other  Hayden  reports, 
but  not  until  1878  "  was  it  really  described  and 
figured.  Now,  another  complication  is  intro- 
duced with  the  describing  and  figuring  of  this 
species.  The  original  locality  of  Marshall 
for  Juglans  rugosa  is  nowhere  mentioned  in 
the  "Tertiary  flora/'  and,  so  far  as  known, 
none  of  th6  original  specimens  are  extant.  The 
diagnosis  and  figures  in  the  "Tertiary  flora" 
are  based  in  the  main  on  material  from  Evans- 
ton,  Wyo.,  obtained  "above  the  coal."  Of  the 
13  figured  specimens  of  Juglans  rugosa^  II  are 
now  in  the  collection  of  the  United  States 
National  Museum,  the  missing  ones  being  the 
originals  of  Lesquereux's  Plate  LIV,  figure  5, 
and  Plate  LVI,  figure  1.  Both  these  specimens 
are  said  to  have  come  from  Golden,  Colo., 
though  whether  from  Laramie  or  Denver  beds 
can  not  be  ascertained. 

In  order  that  there  may  be  less  trouble  in 
future  in  identifying  these  type  specimens,  the 
following  list  is  given  of  their  illustrations  in 
the  "Tertiary  flora"  and  the  corresponding 
numbers  in  the  United  States  National  Museum 
catalogue: 

Catalogue  No. 

Plate  LIV,  figure  14 454 

Plate  LV,  figure  1 851 

figure  2 455 

figures 455a 

figure  4 456 

figure  5 457 

figureO 468 

figure? 460 

figureO 459 

Plate  LVI,  figure  2 463 

Of  these  specimens  Nos.  455,  455a,  457,  458, 
459,  461,  and  851  are  from  Evanston,  Wyo., 
and  are  so  recorded  in  the  Museum  catalogue. 
No.  460  is  recorded  as  being  from  Golden, 
Colo.,  but  attached  to  the  specimen  is  a  small, 
obscure  original  label  which  states  that  it  also 
is  from  Evanston,  and  as  it  agrees  perfectly 
with  the  matrix  of  the  other  specimens  this 
label  is  probably  correct.  No.  456  is  said  to  be 
from  Point  of  Rocks,  Wyo.,  but  the  matrix  is 


•  Am.  Jour.  Sci.,  2d  ser.,  vol.  45,  p.  206,  l&as. 
•♦U.S.  Geol.  Survey  Terr.  Third  Ann.  Rept.  [reprint,  1873|,  p.  ltt:i. 
•'  Lejquereux,  Leo,  The  Tertiary  flora:  U.  S.  Oeol.  Survey  Terr.  Rept., 
vol.  7,  p.  286,  pi.  54,  flgs.  5,  14;  pi.  55,  flgi.  1^;  pi.  53,  flgs.  I,  2,  1878. 


also  like  that  of  the  Evanston  specimens  and 
unlike  that  ordinarily  found  at  Point  of  Rocks, 
though  we  are  confronted  by  the  fact  that  it 
bears  an  original  label  recording  it  from  the 
latter  locality.  This  species  was  not  recog- 
nized in  my  ''Flora  of  the  Montana  formation,"  •• 
and  it  is  probably  safe  to  exclude  it  from 
Point  of  Rocks.  It  has,  however,  been  found 
subsequently  at  many  localities,  such  as 
Golden,  Colo.,  in  beds  of  Denver  age;  Carbon, 
Wyo.,  in  the  ''Upper  Laramie"  of  Veatch; 
many  points  in  southern  Colorado  and  north- 
em  New  Mexico,  in  the  Raton  formation;  the 
Bozeman  coal  field  of  Montana;  and  Black 
Buttes,  Wyo.,  in  beds  believed  by  me  to  be 
of  post-Laramie  age. 

From  the  above  accoimt  it  appears  that, 
although  named  from  material  of  Laramie  age 
at  Marshall,  Juglans  rugosa  as  it  has  come  to 
be  known  is  based  on  described  and  figured 
material  from  higher  or  post-Laramie  horizons. 
There  is  no  means  of  laiowing  just  what  the 
original  Marshall  leaves  were  like,  beyond  the 
fact  already  mentioned  that  they  are  said  to 
resemble  Juglans  acuminatn.  It  is  for  these 
reasons  that  Juglans  rugosa  is  excluded  from 
the  Laramie  flora.  It  appears  to  be  essentially 
a  Tertiary  species,  and  its  occurrence  in  Cre- 
taceous beds  must  be  left  open  to  subsequent 
discoveries. 

There  is,  of  course,  no  certainty  that  the 
leaflets  here  described  as  Juglans  praerugosa 
are  the  same  as  the  form  to  which  Ijesquereux 
gave  the  name  of  J.  rugosa,  and  in  fact  they 
do  not  differ  from  it  very  markedly.  The 
leaves  of  J,  praerugosa  seem  to  have  been 
thinner  and  do  not  appear  particularly  rugose. 
As  a  matter  of  fact,  better  material  is  needed 
before  it  can  be  completely  diagnosed. 

Occurrence:  Laramie  formation,  Marshall 
mine,  Marshall,  Colo.,  collected  by  Arthur 
Lakes,  1890. 

Hicoria  angulata  Knowlton,  n.  sp. 

Plate  V,  figure  4. 

Bicoria  angukda  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  319,  1919. 

Fruit  ovoid,  tnmcate  at  base,  obtusely 
pointed  at  apex,  strongly  several-angled  (prob- 
ably four)  or  ridged. 

This  beautifully  preserved  fruit  is  well 
shown  in  the  figure.     It  is  22  millimeters  long 


M  U.  S.  Geol.  Survey  Bull.  103, 19Q0. 
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and  about  14  millimeters  in  broadest  diameter. 
If  correctly  interpreted,  it  should  belong  to 
that  section  of  the  living  genus  in  which  the 
husk  or  exocarp  adheres  closely  to  the  shell 
and  splits  away  only  at  maturity,  and  even 
then  not  to  the  extreme  base. 

In  the  material  from  Mount  Carbon,  near 
Morrison,  there  is  another  specimen  of  this 
species.  It  is  of  about  the  same  shape  as  the 
one  figured  but  is  a  little  larger. 

Occun-ence:  Laramie  formation,  Marshall, 
Colo.,  railroad  cut  between  old  and  new  sta- 
tions, collected  by  A.  C.  Peale;  Mount  Carbon, 
near  Morrison,  Colo.,  collected  by  Arthur  Lakes. 

Hicorim  minatnla  Knowlton,  n.  sp. 

Plate  V,  figure  5. 

Hicoria  minutula  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  320,  1919. 

Similar  to  the  last  but  very  much  smaller. 
The  length  is  14  millimeters  and  the  diameter 
about  9  millimeters.  The  husk,  less  than  1 
millimeter  thick,  is  apparently  present,  and  in 
the  apical  portion  it  may  be  noted  becoming 
fibrous  or  slightly  frayed. 

It  is  not  certain  that  this  should  he  held  as 
distinct  from  H,  angidata,  as  it  hardly  differs 
except  in  size  and  may  be  only  an  immature 
specimen  of  that  species.  However,  it  can  do 
no  harm  to  consider  them  separately  until 
further  data  can  be  procured* 

Occurrence :  Laramie  formation,  wooded  bluff 
south  of  Marshall,  Colo.,  collected  by  A.  C. 
Peale,  1908. 

Order  MTBICALSS. 
FamUy  ICTBIGACJBAS. 

Myriea  torreyl  Lesqnerenx. 

Myrica  torreyi  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1872,  p.  392,  1873;  idem  for 
1876,  p.  503, 1878;  Tertiary  flora:  U.  S.  Geol.  Survey 
Terr.  Rept.,  vol.  7,  p.  129,  pi.  14,  figs.  3-10,  1878. 

Ward,  U.  S.  Gepl.  Survey  Sixth  Ann.  Rept.,  p.  551, 
pi.  40,  fig.  4,  1886;  idem.  Bull.  37,  p.  32,  pi.  14, 
fig.  5,  1887. 

Knowlton,  U.  S.  Geol.  Survey  Bull.  163,  p.  34,  pi.  6, 
figs.  1-3,  1900. 

Cockerell,  Colorado  Univ.  Studies,  vol.  7,  p.  150, 1910. 

The  type  locality  of  this  species  is  Black 
Buttes,  Wyo.,  and  all  but  two  of  the  figured 
types  are  preserved  m  the  United  States  Na- 
tional Museum  (Nos.  138-142,  inclusive),  the 
others  having  been  lost  or  misplaced.  The 
species  was  well  described  and  illustrated  by 
Lesquereux,  and  none  of  the  material  since 


obtained  adds  materially   to  our  knowledge 
of  it. 

Since  the  original  finding  at  Black  Buttes 
•this  species  has  been  reported,  on  evidence  of 
more  or  less  value,  as  occurring  at  so  many 
additional  localities  that  it  has  largely  been 
robbed  of  its  value  as  a  stratigraphic  marker. 
Thus,  Ward  found  it  at  Point  of  Rocks,  Wyo., 
in  beds  now  referred  to  the  Mesaverde  forma- 
tion. These  specimens  are  illustrated  in  my 
"  Flora  of  the  Montana  formation, "  "  and  al- 
though the  leaves  shown  in  figures  1  and  2  of 
that  bulletin  are  probably  correctly  identified, 
that  of  figure  3  is  more  doubtful. 

What  was  presumed  to  be  this  species  was 
found  at  Dunn's  ranch,  30  miles  north  of 
Laramie,  Wyo.,  and  also  at  Harper  station, 
on  the  Union  Pacific  Railroad  about  6  miles 
west  of  Dunn's  ranch.  All  these  localities  are 
now  referred  to  the  Mesaverde  formation. 
The  species  has  also  been  reported  from  the 
Mesaverde  formation  near  Meeker,  Colo.,  and 
the  Vermejo  formation  at  Rock  vale,  near 
Canon  City,  at  La  Veta,  near  Trinidad,  and  ai 
Walsenburg,  Colo.  It  has-  likewise  been  re- 
ported from  the  Lance  formation  of  Converse 
County,  Wyo.,  although  the  specimens  found 
there  are  narrower  than  is  usual.' 

Occurrence :  Laramie  formation.  Crow  Creek, 
25  miles  southeast  of  Greeley,'  Colo.  Post- 
Laramie  (in  my  opinion).  Black  Buttes,  Wyo. 
(types) .  ?Lance  formation.  Converse  Countyj 
Wyo.  Mesaverde  formation.  Point  of  Rocks, 
Wyo.  Vermejo  formation,  RockvaJe,  La  Veta, 
and  Walsenburg,  Colo. 

Myrica  dubla  Knowlton,  n.  sp. 

Plate  V,  figure  3. 

Myrica  duhia  Knowlton  [nomen  nudum],  U.  S.  Geol.  Surr 
vey  Bull.  696,  p.  394,  1919. 

Leaves  small,  lanceolate,  obtusely  wedge- 
shaped  at  base  (apex  destroyed);  margin  en- 
tire; midrib  relatively  thick;  intramarginal 
vein  well  marked,  other  nervation  consisting 
of  thin,  irregular  veins  connecting  the  midrib 
and  intramarginal  vein. 

This  species  is  most  closely  related  to  Myrica 
torreyi  Lesquereux  ••  but  differs  in  its  smaller 
size,  more  obtuse  base,  and  above  all  the  per- 
fectly entire  mai^in. 

«  U,  S.  Geol.  Survey  Bull.  163,  p.  34,  pi.  6,  flgs.  1-3, 1900. 
o  Lesquereux,  Leo,  U.  S.  Oeol.  Survey  Terr.  Rept.,  voL  7,  pi.  16, 
flgs.  3-10,  1878. 
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LARAMIE  FLOBA  OF  THE  DENVER  BABIN. 


Occurrence:  Laramie  formation,  Popes  Bluff , 
just  west  of  Pikeview,  Colo.  (sec.  14,  T.  13  S., 
R.  67  W.),  collected  by  A.  C.  Peale  and  M.  I. 
Ooldmam,  1908. 

Myrica  oblongifolia  Knowlton,  n.  sp. 

Plate  XXI,  figure  1. 

Myrica  ohlongifolia  KDOwlton  [nomen  nudum],  U.  S.  Geo!. 
Survey  Bull.  696,  p.  396,  1919. 

Leaves  membranaceous,  long-elliptical, 
rounded  to  a  slightly  wedge-shaped  base  and 
to  an  obtuse  apex;  margin  with  numerous 
small,  sharp  teeth  for  the  lower  two-thirds, 
thence  undulate  and  nearly  entire  to  the  apex; 
nervation  paryphodrome,  with  a  slender  mar- 
ginal nerve  around  the  leaf  1  millimeter  from 
the  border;  slender  nerves  from  the  outside  of 
this  mtramarginal  nerve  appear  to  enter  the 
teeth;  nerves  very  numerous,  yet  at  an  acute 
angle,  irregular  and  broken,  often  joining,  end- 
ing when  they  reach  the  border,  in  the  intra- 
marginal  vein;  nervilles  usually  percurrent. 

This  species  is  based  upon  the  single  fine 
specimen  figured.  It  is  about  8.5  centimeters 
long  and  4  centimeters  broad,  with  a  petiole  0.5 
centimeter  long.  It  is  a  broad,  long-elliptical 
leaf  which  is  about  equally  rounded  to  both 
base  and  apex.  The  teeth  begin  within  1  centi- 
meter of  the  base,  and  are  fine,  sharp-pointed, 
and  directed  toward  the  apex.  In  the  upper 
portion  of  the  blade  the  teeth  are  reduced  to 
mere  undulations,  and  at  the  apex  the  margin 
is  nearly  entire. 

The  most  pronounced  characteristic  of  this 
leaf  is  the  strongly  marked  paryphodrome 
nervation — that  is,  a  thin.intramarginal  nerve 
extending  all  around  the  leaf  about  1  milli- 
meter distant  from  the  margin.  The  other 
nerves,  or  secondaries,  if  they  may  be  so  called, 
are  very  numerous,  at  a  low  angle  of  divergence, 
and  much  broken  and  irregularly  joined. 

It  is  difficult  to  determine  the  genus  to  which 
this  leaf  should  be  referred.  There  are  a  num- 
ber of  living  genera  that  have  this  peculiar 
paryphodrome  nervation,  as,  for  example,  Tm- 
tania  of  the  family  Myrtaceae,  Ardisia  of  the 
Myrsinaceae,  and  Dodonaea  of  the  Sapinda- 
ceae,  as  well  as  many  others  less  likely  to  be 
represented  in  a  fossil  state.  On  the  whole  it 
appears  best  to  refer  it  to  Myrica  because  it 
agrees  in  this  character  with  many  living  spe- 
cies of  the  genus — ^for  example,  M.  ierebinUacea 
Goppert,  from  tropical  America,  and  Myrica 


sp.  from  Brazil — ^and  also  because  it  is  evi- 
dently allied  to  Myrica  torreyi  Lesquereux,  a 
fossil  species  of  wide  vertical  range  which  is 
also  foimd  in  the  Laramie.  Myrica  torreyi 
is  imdoubtedly  the  nearest  relative  of  M. 
ohlongifolia  that  has  not  been  described  from 
material  collected  in  this  area.  It  differs,  how- 
ever, in  being  narrowly  lanceolate  instead  of 
broadly  oblong  and  in  being  linear-acuminate 
instead  of  obtuse.  The  teeth  in  M.  torreyi  are 
larger  and  more  distant. 

This  new  species  does  not  appear  to  be 
closely  related  to  any  of  the  other  fossil  Ameri- 
ican  species  of  Myrica.  It  has  much  the  shape 
and  marginal  dentation  of  CdastrophyUum  de- 
currens  Lesquereux,  from  the  Dakota  sand- 
stone, but  that  species  differs  absolutely  in  the 
nervation.  Myrica  ohlongifolia  is  also  in  out- 
line and  serration  like  the  figures  of  Quercus 
haidingeri  Ettingshausen  given  by  Lesque- 
reux,** but  that  species  also  differs  in  nervation. 

Occurrence:  Laramie  formation,  Marshall 
mine,  Marshall,  Boulder  Coimty,  Colo. 

Order  SALIGALES. 
FamUy  SAIJCACXAB. 

Saliz  myricoides  Knowlton,  n.  ap. 

Plate  IV,  figure  7. 

Salix  myricoides  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  569,  1919. . 

Leaf  linear-lanceolate,  with  a  very  long, 
slenderly  acuminate  apex  and  an  apparently 
rather  obtusely  wedge-shaped  base;  mai^n 
entire;  midrib  relatively  very  thick;  secon- 
daries very  numerous,  probably  about  20  pairs, 
approximately  at  right  angles  to  the  midrib, 
each  joining  the  one  next  above  by  a  broad 
loop  just  inside  the  margin;  finer  nervation 
obsolete. 

The  only  example  of  this  characteristic  spe- 
cies observed  is  the  one  here  figured.  It  is 
abo^ut  8  centimeters  in  length  and  1  centimeter 
in  maximum  width;  this  width  holds  for  more 
than  half  the  length  of  the  leaf.  The  leaf 
appears  to  have  been  rather  thick,  and  as  it  is 
the  upper  side  that  is  exposed,  the  nervation 
is  obscured,  all  that  can  be  made  out  being  the 
very  thick  midrib  and  the  numerous  close,  par- 
allel secondaries  nearly  at  right  angles  to  it. 

» liesquereux,  Leo,  U.  S.  Geol.  Survey  Terr.  Kept.,  vol.  7,  p.  156, 
pi.  20,  flgB.  0, 10,  lg7S. 


THE  FLOBA. 


125 


Occurrence:  Laramie  formation,  cut  on  Mof- 
fat railroad  (Denver  &  Salt  Lake)  about  6  or 
8  miles  north  of  Golden,  Colo.,  collected  by 
A.  C.  Peale,  1908. 

Sallx  wjomlngenals  Knowlton  and  CockereD. 

Plate  IV,  figures  3,  4,  8. 

Salix  toyomingewis  Knowlton  and  Cockerell,  U.  S.  Geol. 

Survey  Bull.  696,  p.  572,  1919. 
Salix  inUgra  G()ppert,  Deutsch.  geol.  Geeell.  Zeitschr., 

vol.  4,  p.  493,  1852. 
Leaquereux,  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann. 

Rept.  for  1873,  p.  397,  1874;  Tertiary  flora:  U.  S. 

Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  167,  pi.  7,  figs. 

1,  2,  1878. 

The  American  specimens  on  which  is  based 
the  determination  that  this  form  occurs  in  the 
United  States  are  included  in  the  collections  of 
the  United  States  National  Museum  (No.  197) 
and  are  preserved  on  the  red  baked  shale  char- 
acteristic of  a  certain  horizon  at  Black  Buttes, 
Wyo.  They  agree  fairly  well  with  the  Euro- 
pean figures  of  this  species,  and  the  species  may 
be  considered  as  probably  present  in  this 
country.  "^ 

In  the  "Tertiary  flora "  Lesquereux  mentions 
a  single  example  from  Grolden,  Colo.  This 
specimen  is  No.  837  of  the  United  States 
National  Museum  collection  and  is  preserved 
on  a  hard  fine-grained  whitish  sandstone  char- 
acteristic of  the  Laramie  at  (Golden.  This  spe- 
cies is  also  represented  by  specimens  from  Coal 
Creek,  Boulder  County,  Colo.,  one  of  the  best 
preserved  of  which  is  shown  in  Plate  IV, 
figure  8. 

In  a  collection  made  at  Marshall  by  Peale 
there  are  a  number  of  willow  leaves,  the  most 
perfect  of  which  are  here  figured  (PI.  IV,  figs. 
3,  4).  They  are  evidently  fairly  thick,  but  the 
nervation  is  obscure.  So  far  as  can  be  made 
out,  however,  they  are  the  same  as  the  form 
figured  by  Lesquereux  under  the  name  Salix 
Integra.  It  is  to  be  noted  that  the  leaves  of 
Salix  are  often  lacking  in  diagnostic  characters, 
and  they  are  described  with  difficulty. 

Occurrence:  Laramie  formation.  Golden, 
Colo<,  original  collections  studied  by  Lesque- 
reux; Coal  Creek,  Boulder  County,  Colo.,  col- 
lected by  N.  L.  Britton  about  1884;  Marshall, 
Colo.,  collected  by  A.  C.  Peale,  1908.  Post- 
Laramie  (in  my  opinion),  Black  Buttes,  Wyo. 

85844—22 0 


Salix  brlttoDlaaa  Knowlton*  n.  0p, 

Plate  XXI,  figure  8. 

Salix  hriUoniana  KuowltOn  [nomen  nudum],  U.  S.  Geol. 
Survey  BuU.  696,  p.  565,  1919. 

Leaf  of  firm  texture,  narrowly  lanceolate, 
tapering  below  to  a  long,  narrowly  wedge- 
shaped  base;  apex  not  preserved;  margin 
perfectly  entire;  nervation  strong,  pinnate, 
consisting  of  a  relatively  strong  midrib  and 
probably  8  or  10  pairs  of  alternate,  remote 
secondaries,  each  of  which  arises  at  an  acute 
angle,  passes  upward  for  a  long  distance,  and 
disappears  near  the  margin  or  unites  by  a 
slender  apex  to  the  secondary  next  above; 
nervilles  none;  finer  nervation  obscure  but 
apparently  consisting  of  a  minute  quadrangular 
areolation. 

The  type  of  this  species,  and  unfortimately 
the  only  one  observed,  lacks  the  upper  portion 
of  the  leaf  and  would  not  be  described  as  new 
except  for  the  marked  difference  between  it 
and  anything  else  thus  far  noted  in  these  beds. 
The  portion  observed,  which  includes  the  base, 
is  5.5  centimeters  long  and  was  possibly  twice 
this  length  when  perfect;  the  width  does  not 
exceed  1  centimeter.  Its  principal  feature  is 
the  secondary  nervation,  described  above. 

As  regards  size,  shape,  and  margin  this  leaf 
is  very  much  like  many  leaves  that  have  been 
referred  to  S(dix  anguata  Al.  Braun,^^  but  it 
differs  distinctly  in  the  nervation;  so  ako  it 
agrees  with  S.  amygdalaefolia  Lesquereux  as 
regards  the  type  of  secondary  nervation  but 
differs  in  shape  and  margin.  It  is  believed  to 
be  hardly  worth  while  to  follow  resemblances 
further,  as  willow  leaves  are  in  general  so 
variable,  yet  it  is  thought  that  this  species, 
fragmentary  as  the  type  is,  is  sufficiently  well 
marked  to  be  readily  recognized  in  the  future. 
.It  has  been  named  in  honor  of  N.  L.  Britton, 
director  of  the  New  York  Botanical  Garden, 
who  collected  it. 

Occurrence:  Laramie  formation.  Coal  Creek, 
Boulder  County,  Colo.  (Laramie),  collected  by 
N.  L.  Britton  about  1880. 

ft 

n  Cf.  Lesquereux,  I^eo,  The  Tertiary  flora:  U.  S.  Oeol.  Survey  Terr. 
Rept.,  vol.  7,  pi.  22,    fig.  4,  1878. 
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LARAMIE  FLORA.  OF  THE  DBNVEB  BASIN, 


Popnhis?  dtotortm  Kaowitoir,  n.  ap. 

Plate  IV,  figure  6. 

Populusf  dUtarta  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  488,  1919. 

Leaf  of  small  size,  unequal  sided,  probably 
more  or  less  distorted  or  malformed,  outline 
now  broadly  ovate,  possibly  nearly  circular 
when  perfect,  base  abruptly  rounded  and 
truncate,  apex  obtusely  acuminate;  three- 
ribbed  from  the  extreme  base  of  the  blade, 
midrib  with  about  two  pairs  of  thin  secondary 
branches  high  up  above  the  middle,  lateral 
much  arched  outward,  each  with  several  thin 
branches  on  the  outside. 

This  form  is  represented  by  the  single  ex- 
ample figured,  and  this  seems  not  to  be  normal 
in  that  it  was  probably  nearly  circular  in  out- 
line when  perfect,  though  now  it  is  distinctly 
narrowed  on  one  side.  The  length  is  4.5  centi- 
meters and  the  width  about  3  centimeters, 
though  if  the  supposition  of  its  abnormality 
is  correct  it  should  have  been  a  little  over  4 
centimeters  in  width. 

This  appears  to  be  a  poplar  of  the  type  of 
PofuLus  arctica  Heer  '* — that  is,  on  the  sup- 
position that  one  side  has  become  reduced, 
probably  by  injury  or  pressure — but  as  it  may 
be  normal  the  reference  to  Popvlus  has  been 
questioned. 

Occurrence:  Laramie  formation.  Cowan  sta- 
tion, 10  miles  south  of  Denver,  Colo.,  collected 
by  F.  H.  Knowlton. 

Order  FAQALES. 

FamUy  FAQAGXAB. 

Qnerciu  praeangustUoba  Knowlton, 

Plate  V,  figures  6,  7  (types). 

Quereus  praeangiutiloha  Knowlton,  U.  S.  Geol.  Survey 

BuU.  696,  p.  535,  1919. 
Qtwcus  angtutUoba  Al.  Braun.    Lesquereux,  U.  S.  Geol. 

and  Geog.  Survey  Terr.  Ann.  Rept.  for  1872,  p.  378, 

1873;  idem  for  1873,  p.  381,  1874;  idem  for  1876,  p. 

506,  1878;  Tertiary  flora:  U.  S.  Geol.  Survey  Terr. 

Rept.,  vol.  7,  p.  161,  pi.  21,  figs.  4,  5,  1878.    [Les- 

quereux's  original  figures  of  these  types  are  here 

reproduced.] 

The  two  specimens  upon  which  this  species 
is  based,  and  apparently  the  only  ones  ever 
obtained,  are  in  the  collections  of  the  United 
States    National    Museum    (Nos.    191,    192). 

n  Lesquereux,  Leo,  The  Tertiary  flora:    U.  8.  GeoL  Survey  Terr. 
Rept.,  vol.  7,  pi.  23,  figs.  1-5, 1878. 


They  are  preserved  on  the  white  fine-grained 
sandstone  characteristic  of  the  Laramie  at 
Golden,  Colo.,  and  are  rather  obscure,  though 
the  figures  given  by  Lesquereux  and  here 
reproduced  show  them  very  well. 

These  leaves  have  until  now  been  referred  to 
the  European  Quercus  angustUoba  Al.  Braun,'* 
but  as  that  species  occurs  in  the  Oligocene  it 
seems  inherently  improbable  that  it  should  be 
common  also  to  the  American  Upper  Creta- 
ceous, though  of  course  this  is  not  in  itself 
proof  that  they  are  not  the  same.  In  the 
matter  of  outline  they  are  certainly  vei^  simi- 
lar,  but  the  nervation  is  obscurely  retained  in 
the  European  specimens,  and  until  material  is 
obtained  showing  them  to  be  identical  it  seems  ^ 
best  to  treat  them  as  distinct. 

These  American  leaves  have  a  rather  strong 
resemblance  to  certain  leaves  of  Artocarpus. 
In  both  the  leaves  under  consideration,  the 
strong  secondaries  next  above  the  ones  going 
to  the  lower  lobes  pass  directly  toward  the 
sinuses,  but  it  is  impossible  to  see  whether  they 
enter  the  margin  or  pass  around  the  sinus  as 
intramarginal  veins.  In  one  of  the  larger  lobes 
there  seems  to  be  an  intramarginal  vein,  as  in 
Artocarp'us,  but  it  is  too  indistinct  to  be  made 
the  basis  for  transferring  them  to  that  genus. 

The  specimen  from  Campbell's  quarry,  Cross 
Lakes,  La.,  referred  by  Lesquereux  '*  to  Quercus 
angusiUdba,  is  also  in  the  United  States  National 
Museum  (No.  2551).  It  proves  to  be  a  minute 
fragment  without  base,  apex,  or  perfect  sides 
and  is  absolutely  worthless  in  determining  the 
presence  of  this  or  any  other  species. 

Occurrence:  Laramie  formation,  Golden, 
Colo. 

Querciifl  straminea  Lesqaereax. 

QtUTcua  straminea  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1872,  p.  373,  1873; 
Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol. 
7,  p.  151,  pi.  19,  figs  6,  7,  1878. 

The  type  specimens  of  this  species  are  pre- 
served in  the  United  States  National  Museum 
(fig.  6  =  No.  173,  fig.  7  =  No.  174)  and  are  on  the 
hard  sandstone  matrix  of  the  Laramie.  These 
two  specimens  are  so  unlike  that  it  was  at  one 
time  thought  best  to  separate  them;  in  fact, 
Lesquereux  himself  has  called  attention  to 
this  difference.     On  this  point  he  says: 

n  Braun,  Al.,  In  Ludwig,  Rudolph,  Paleontogr^phica.  vol.  8,  p.  103, 
pi.  36,  fig.  3,  I860. 
"  U.  8.  Nat.  MU3.  Proc.,  vol.  II,  p.  25, 1888. 


THE  FLORA. 


127 


These  leaves  seem  to  represent  two  different  spedes. 
They  have,  however,  a  common  character — that  of  the 
yellowish,  shining  secondary  veins,  which  I  have  not 
seen  on  any  other  species  of  fossil  plant  of  this  locality. 
The  leaf  in  figure  6  is  smaller,  with  the  secondary  veins  at 
a  more  acute  angle  of  divergence;  it  has,  however,  the 
same  character  of  nervation,  shorter  intermediate  tertiary 
veins,  and  more  or  less  distinct  veinlets,  oblique  to  the 
secondary  veins.  In  both  leaves,  also,  the  basOar  veins 
are  marginal  and  ascend  to  the  branches  of  the  secondary 
nerves  above. 

In  a  subsequent  paper  describing  plants 
from  the  Denver  formation  Lesquereux  ^* 
identified  this  species  with  question,  saying: 

The  leaf  which  I  refer  to  this  species  is  oval,  apparently 
denticulate  near  the  apex,  and  narrower  than  those  fig- 
ured in  Plate  XIX,  figures  6,  7.  It  may,  therefore,  be- 
long to  a  different  species. 

I  have  not  seen  these  forms,  but  to  judge 

i 

from  the  remarks  quoted  it  would  seem  that 
they  are  properly  excluded  from  Q.  straminea. 
Occurrence:    Laramie    formation,    Golden, 
Colo. 

Qaercns  exlmia  Knowlton,  n.  sp. 

Plate  XXI,  figure  2. 

Querctu  eximia  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  527,  1919. 

Leaf  oblong-lanceolate,  gradually  or  evenly 
narrowed  from  what  appears  to  be  about  the 
middle  of  the  blade  to  a  long  acuminate  apex; 
margin  provided  with  few  distant  upward- 
pointing  teeth;  midrib  very  strong,  running 
directly  to  the  apex;  secondaries  alternate,  10 
or  more  pairs  in  the  upper  half  of  the  leaf, 
emerging  at  an  angle  of  approximately  30°- 
40**,  some  apparently  entering  the  teeth  but 
most  of  them  arching  to  join  the  one  next 
above,  thence  forming  a  practically  continuous 
line  just  inside  the  margin;  finer  nervation  en- 
tirely obsolete. 

This  species,  which  unfortunately  is  repre- 
sented only  by  the  fragmentary  example 
figured,  must  have  been  18  or  20  centimeters 
long,  for  the  portion  preserved,  which  appears 
to  be  only  about  half  of  the  leaf,  is  11  centi- 
meters long.  It  is  about  4  centimeters  in 
greatest  width  and  tapers  gradually  to  an 
acuminate  apex.  One  side  of  the  leaf  is  pro- 
vided with  several  rather  prominent  upward- 
pointing  teeth;  the  other  side  is  merely  un- 
dulate  with   but   faint   indications   of    teeth. 


The  secondaries  are  distinctly  alternate,  each 
usually — so  far  as  can  be  made  out — arching 
just  inside  the  border  to  join  the  one  next 
above  by  a  sort  of  bifurcation  in  the  upper 
portion,  thus  producing  a  nearly  continuous 
intramarginal  line,  a  character  observed  in 
certain  living  leaves  of  this  genus. 

Among  described  forms  this  has  a  decided 
resemblance  to  Qiiercus  lyelli  Heer,"  from  the 
Atanekerdluk  beds  of  Greenland.  It  is,  for 
example,  very  close  to  the  forms  shown  in 
Heer's  figures  7b  of  Plate  LXX,  9  and  10  of 
Plate  LXXII,  and  1,  2,  and  4  of  Plate  LXXIII, 
differing  in  the  thicker  midrib  and  stronger 
secondaries,  which  are  more  continuous  and,  so 
far  as  can  be  made  out,  less  branched.  The 
teeth  in  the  two  forms  are  very  similar.  There 
can  be  almost  no  question  as  to  their  generic 
identity,  and  but  for  a  number  of  quite  differ- 
ently appearing  forms  included  by  Heer  in  his 
species  there  would  be  little  question  of  their 
specific  similarity.  Without  more  and  better 
material  I  have  thought  it  best  to  keep  them 
apart. 

Occurrence:  Laramie  formation.  Coal  Creek, 
Boulder  County,  Colo. 

Querciu  ▼ibttniifoUa7  Lesqnereux. 

Quercus  vibumifolia  Lesquereux,  Tertiary  flora:  U.  S. 
Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  159,  pi.  20, 
figs.  11,  12,  1878;  IT.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1876,  p.  505,  1878;  Harvard 
Coll.  Mufi.  Comp.  Zoology  Bull.,  vol.  16,  p.  46, 1888. 
Ettingshausen,  Roy.  Soc.  London  Proc.,  vol.  30,  p. 
232,  1880. 

Quercus  triangularis  G6ppert  [in  part].  Lesquereux,  U.  S. 
Geol.  and  Geog.  Survey  Terr.  Ann.  Rept.  for  1872, 
p.  377,  1873. 

Quefcus  alienuata?  Gdppert.  Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1873,  p.  389, 1874. 

One  of  the  figured  types  of  this  species  (the 
original  of  fig.  11  in  the  *' Tertiary  flora")  is 
preserved  in  the  United  States  National  Mu- 
seum (No.  186),  together  with  the  others  that 
were  the  basis  for  Lesquereux's  remarks  con- 
cerning this  form.  None  of  them  are  very  per- 
fect, yet  a  careful  study  brings  out  well  the 
characters  upon  which  the  species  is  foimded. 
This  original  specimen  is  from  Sand  Creek, 
Colo.,  and  others  were  reported  from  Golden, 
Colo.,  and  Black  Buttes,  Wyo.,  the  latter  pre- 
served on  red  baked  shale.     The  matrix  of  the 


''Lesquereux,  Leo,  Fossil  planU  collected  at  Goldeii,  Colo.:  Har>         '>  Flora  fosslUs  arcti^^a,  vol.  7,  pt.  1,  p.  87,  pi.  66,  flgs.  4,  5a;  pi.  70,  flg. 
vard  Coll.  Mus.  Comp.  Zoology  Bull.,  vol.  16,  p.  46, 1888.  |  7b;  pi.  72,  Hgs.  1-10;  pi.  73,  figs.  1-6,  1883. 
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Qolden  specimen  shows  it  to  have  come  from 
the  andesitic  beds,  probably  on  South  Table 
Mountain,  and  no  less  than  11  additional  exam- 
ples were  found  by  Lesquereux  in  the  collec- 
tion from  these  beds  determined  for  the  Museum 
of  Comparative  Zoology.  This  species  has  also 
been  reported  by  Ettingshausen  in  the  flora 
from  Alum  Bay,  England. 

A  number  of  well-preserved  leaves  apparently 
belonging  to  this  species  have  been  found  in  the 
material  from  Converse  County,  Wyo.  They 
do  not  differ  essentially  from  the  type  speci- 
men shown  in  Lesquereux's  jSgure  11. 

The  basal  portion  of  what  appears  to  be  a 
small  leaf  of  this  species  has  been  found  in 
material  from  Mount  Bross,  Middle  Park,  Colo., 
and  a  rather  narrow  but  otherwise  nearly  nor- 
mal leaf  is  contained  in  the  small  collection 
made  in  the  Laramie  at  Crow  Creek,  Colo. 

.  Occurrence:  Laramie  formation,  Canfield 
ranch  on  Crow  Creek,  about  25  miles  hortheast 
of  Greeley,  Colo.,  collected  by  F.  H.  Ejiowlton 
and  T.  W.  Stanton,  June,  1896.  Post-Laramie 
(in  my  opinion),  Black  Buttes,  Wyo.  Den- 
ver formation.  Sand  Creek,  18  miles  east  of 
Denver,.  Colo,  (type);  Grolden,  Colo.  Lance 
formation,  gulch  south  of  Lightning  Creek, 
opposite  mouth  of  Box  Elder  Creek,  Converse 
Coimty,  Wyo.,  collected  by  T.  W.  Stanton, 
July,  1896. 

Order  VBTICALBS. 

VamUy  MOBACEAE. 

Artocarpns  lesaigjana  (Lesqnereiu)  KnowltoiL 

Plate  XII,  figure  1;  Plate  XXII,  figure  4. 

ArtocarpuM  le$ngiana  (Lesquereux)   Knowlton,  Science, 

vol.  21,  p.  24, 1893;  U.  8.  Geol.  Survey  Bull.  152,  p 

42, 1898. 
Myricat  lestigiana  Lesquereux,  U.  S.  Geol.  and  Geog.  Sur 

vey  Terr.  Bull.,  vol.  1,  p.  386,  1876;  idem,  Ann 

Rept.  for  1874,  p.  312,  1876. 
Myrieaf  Unigii  Lesquereux,  Tertiary  flora:  U.  S.  Geol 

Survey  Terr.  Rept.,  vol.  7,  p.  138,  pi.  64,  fig.  1 

1878;  U.   S.  Geol.  and  Geog.  Survey  Terr.  Ann 

Rept.  for  1876,  p.  503, 1878. 

Leaf  very  large,  coriaceous,  oblong,  deeply 
pinnately  lobed,  the  lobes  opposite,  oblong- 
lanceolate,  pointed,  at  an  open  angle  of  diver- 
gence, separated  usually  to  a  point  near  the 
midrib,  where  they  are  joined  by  broad, 
rounded  sinuses;  midrib  very  thick;  secondaries 
of  two  orders,  the  first  strong,  ascending  to 
the  points  of  the  lobes  and  branched  on  either 


side,  the  second  smaller,  emerging  from  the 
midrib  between  the  others,  passing  up  to  the 
sinus,  where  they  divide  into  two  branches 
that  arch  around  the  sinus  just  inside  the 
margin  and  then  follow  the  lobes  in  festoons, 
anastomosing  with  the  tertiaries;  tertiaries 
niunerous,  alternate,  curved  more  or  less  in 
passing  to  the  margin,  along  which  they  form 
long  festoons  just  inside  the  border;  ultimate 
areolation  in  the  main  quadrangular,  formed 
by  divisions  at  right  angles  to  the  tertiaries. 

These  magnificent  leaves  were  from  20  to  30 
centimeters  or  more  long  and  from  12  or  15  to 
18  centimeters  wide.  They  are  thick,  probably 
coriaceous,  and  broadly  oblong,  and  the  lobes 
are  connected  by  broad,  rounded  sinuses. 

This  species  was  first  described  by  Lesquereux 
imder  the  name  Myricat  lessigiana  from 
material  collected  on  Coal  Creek,  Boulder 
County,  Colo.,  where  it  was  found  just  above 
the  coal.  It  was  obtained,  according  to 
Lesquereux,  by  Gen.  W.  H.  Lessig,  for  whom 
it  was  named.  For  many  years  the  location 
of  the  type  specimen  was  unlmown,  but  recently 
it  came  to  light  among  the  collections  donated 
to  the  United  States  National  Museiun  by 
R.  D.  Lacoe,  of  Pittston,  Pa.,  and  is  now  No. 
7172  of  the  Museum  collection.  It  was  with 
great  doubt  that  this  specimen  was  referred  to 
Myrica  by  Lesquereux,'*  who  says: 

It  is  doubtful  if  thJB  leaf  represents  *  *  .  *  a 
species  of  the  section  of  the  CompUmia.  It  resembles 
CompUmia  grandifolia  linger,  which  till  now  has  been 
considered  as  the  giant  representative  of  this  section  but 
whose  leaf  is  scarcely  half  as  laxige  as  this. 

The  reference  of  these  leaves  to  the  genus 
Artocarpus  was  first  suggested  by  Nathorst  '^ 
in  his  paper  describing  a  new  species  of  the 
genus  from  the  Cenomanian  of  Greenland. 
After  discussing  a  number  of  poorly  defined 
fossil  species  and  describing  the  new  form 
(A.  dicksoni),  which  he  was  fortunate  enough 
to  find  associated  with  undoubted  fruits,  he 
calls  attention  to  its  resemblance  to  and 
possible  identity  with  the  Aralia  pungena  and 
Myricat  lessigii  of  Lesquereux.  A  compari- 
son of  these  leaves  with  leaves  of  living  species 
of  ArtocarpuSy  particularly  of  the  common 
breadfruit  (A,  incisa)^  proves*  beyond  reason- 

n  Lesquereux,  Leo,  U.  3.  OeoL  and  Qeog.  Surrey  Terr.  Ann.  Rept. 
for  1874,  p.  312, 1876. 

7'  Nathorst,  A.  O.,  Ueber  dIeResteeines  Brotfruchtbaums:  K.STeDaka 
Vet.-Akad.  Handl.,yol.  34,  p.  7, 1800. 
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able  doubt  that  Nathorst's  supposition  is 
correct,  and  they  are  consequently  referred  to 
this  genus.  In  leaves  of  Artocarpus  incisa 
before  me  the  base  is  broadly  wedge-shaped, 
and  the  distance  to  which  the  lobation  extends 
decreases  toward  the  apex,  or  just  the  reverse 
of  what  occurs  in  A.  lessigiana.  The  nervation 
in  the  lobes  is  exactly  the  same  as  in  the  living 
leaf,  including  the  arching  of  the  tertiaries, 
the  intramarginal  nerve,  and  the  secondary 
emerging  from  the  midrib,  dividing  and  pass- 
ing around  on  either  side  of  the  sinus.  The 
Greenland  species  (A.  dicksoni)  seems  to  ap- 
proach more  closely  in  outline  to  the  living  A, 
incisa  than  the  leaves  under  consideration.  No 
fruits  or  flowers  have  been  found  in  the  Ameri- 
can deposits  that  can  be  referred  to  this  genus. 

After  the  discovery  of  a  well-authenticated 
species  of  Ariocarfus  in  the  Cenomanian  of 
Greenland  it  was  logical  to  expect  to  find  rep- 
resentatives in  later  formations  on  the  Ameri- 
can continent,  and  such  has  been  shown  to  be 
the  case.  The  genus  is  now  confined  in  its 
native  state  to  tropical  Asia  and  the  Malay 
Archipelago,  though  once  extending  as  far 
north  as  latitude  70°  in  Greenland.  In  America 
it  has  been  found  in  the  Laramie  and  Denver 
formations  of  the  Denver  Basin,  in  the  Vermejo 
and  Raton  formations  of  southern  Colorado 
and  northern  New  Mexico,  in  the  Wilcox  group 
of  the  Gulf  region,  and  in  the  Miocene  (auri- 
ferous gravels)  of  California. 

The  form  most  closely  related  to  Artocarpus 
lessigiana  is  undoubtedly^,  dissecta  Knowlton," 
from  the  Vermejo  formation  at  Walsenburg, 
Colo.  This  form  is  a  leaf  of  large  size,  deeply  cut 
into  at  least  three  pairs  of  opposite  lobes,  the 
lower  pair  remote  from  the  ones  next  above  and 
connected  with  them  by  an  exceedingly  narrow 
wing  that  is  hardly  more  than  the  petiole.  The 
lower  pair  of  lobes  are  also  curioasly  cut  into 
almost  to  the  midrib  on  the  lower  side,  but  the 
upper  side  is  attached  by  the  whole  base. 
Otherwise  the  general  outline,  number,  and 
shape  of  the  lobes,  as  well  as*  the  type  of  nerva- 
tion of  the  lobes,  are  practically  the  same  in 
both,  and,  as  I  have  pointed  out  in  my  paper  on 
the  flora  of  the  Raton  Mesa  region,  it  is  entirely 
possible  that  a  series  of  leaves  would  show  them 
to  be  identical.  As  the  facts  now  stand,  how- 
ever, it  seems  best  to  consider  them  as  distinct. " 

«  KnowUon,  F.  H.,  U.  S.  Qeol.  Survey  Prof.  Paper  101,  p.  287,  pi. 
42,  fig.  6,  1918. 


Occurrence :  Laramie  formation,  Coal  Creek, 
Boulder  County,  Colo,  (type),  collected  by 
W.  H.  Lessig,  now  in  United  States  National 
Museimi;  Marshall,  Colo.,  half  a  mile  south  of 
railway  station,  in  first  draw  north  of  white 
sandstone  bluff,  just  above  the  highest  coal  of 
the  vicinity,  collected  by  F.  H.  Knowlton  and 
G.  C.  Martm,  1908;  Cowan  station,  10  miles 
south  of  Denver,  Colo.,  collected  by  F.  H. 
Knowlton. 

Artocarpus  Uriodendroides  Knowlton,  n.  sp. 

Plate  XXI,  figure  3. 

Artocarpus    Uriodendroides    Knowlton    [nomen    nudum], 
U.  S.  Geol.  Survey  Bull.  696,  p.  100, 1919. 

Leaf  of  medium  size  and  probably  mem- 
branaceous in  texture,  deeply  cut  into  at  least 
three  pairs  of  large,  opposite,  distant  lobes, 
which  are,  with  the  exception  of  the  lowest, 
attached  by  the  whole,  evenly  expanded  base, 
which  continues  along  the  petiole  between  the 
lobes  as  a  narrow  web  or  wing  and  also  persists 
below  the  lowest  pair  of  lobes  nearly  or  quite  to 
the  base  of  the  petiole;  lowest  segment  ovate, 
rather  obtuse,  attached  by  about  one-third  of 
its  width;  primary  midrib  strong,  straight, 
margined  between  and  below  the  lobes  by  the 
narrow  wing;  nervation  of  lowest  segment  con- 
sisting of  a  plainly  marked  secondary  that  forms 
a  "midrib"  very  near  the  center  and  four  or 
five  pairs  of  thin,  alternate  branches  that  form 
broad  loops  just  inside  the  margin;  nerviUes 
anastomosing  in  all  directions. 

This  interesting  specimen  is,  so  far  as  known, 
the  only  one  found  in  these  beds.  Unfor- 
tunately it  is  so  fragmentary  that  its  complete 
size  and  appearance  can  not  be  determined. 
The  portion  retained  is  about  10  centimeters 
long,  of  which  some  4  centimeters  is  taken  up 
with  the  petiole  below  the  lower  pair  of  lobes; 
but,  to  judge  from  the  imdiminished  thickness 
of  the  midrib  above,  it  must  have  been  con- 
siderably larger.  The  lower,  nearly  perfect 
lobe,  which  is  attached  by  a  narrowed  base  only 
5  millimeters  wide,  is  3.5  centimeters  long  and 
1.5  centimeters  broad  in  the  middle.  The  seg- 
ment next  above  is  2.5  centimeters  broad  at  the 
base  and  is  preserved  for  a  length  of  only  3 
centimeters.  None  of  the  other  lobes  is  as 
well  preserved,  though  all  appear  to  be  opposite. 
The  nervation,  marginal  wing  to.  the  petiole, 
and  other  features  are  well  shown  in  the  figure. 
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This   species   is   undoubtedly   most   closely 
related    to    Artocarfus    dissecta    Knowlton,'* 
from  the  Vermejo  formation  near  Walsenburg, 
Colo.,  with  which  it  agrees  in  general  type, 
though  differing  in  a  number  of  important  par- 
ticulars.    In  the  first  place,  although,  of  course, 
this  difference  is  not  of  cardinal  importance, 
it  may  be  mentioned  that  Artocarpus  dissecta 
is  nearly  twice  the  size  of  the  present  species. 
In  A,  dissecta  the  lower  lobes  are  attached  by 
the  whole  width  of  the  segment,  and  the  main 
secondary  or  ** midrib*'  is  very  close  to  the 
lower  margin,  which  gives  the  segment  the 
appearance  of  being  cut  away  on  the  lower 
side.     In  A,  liriodendroidesj  on  the  other  hand, 
the  lower  segment  is  attached  by  a  much  con- 
tracted base,  and  the  ''midrib*'  is  practically 
central.     In  shape  and  major  nervation   the 
upper  segments  appear  to  be  much  the  same 
in  both  forms.     The  petiolar  wing  connecting 
the  segments  is  much  more  pronounced   in 
A.  liriodendroides  and  extends  down  the  petiole 
below  the  lower  segment  for  a  greater  distance 
than  in  A.  dissecta.     It  is  quite  possible  that 
if  a  series  of  specimens  from  both  localities  were 
available  the  two  forms  might  be  shown  to 
approach  more  closely  or  even  to  combine, 
but  with  only  a  single   example  from  each 
locality,   the  forms  seem  sufficiently  distinct 
to  warrant  different  names. 

The  leaf  here  described  has  an  undoubted 
resemblance  to  what  has  been  called  Lirioden- 
dron  from  the  Dakota  sandstone  of  Kansas, 
being  in  a  way  intermediate  between  i. 
pinnatifidum  Lesquereux  *®  and  L.  snovrii  Les- 
quereux.'^  The  former  is  described  by  its 
author  as  "pinnately,  alternately  lobed;  lobes 
short,  obtuse  truncate  or  angular,  abruptly 
narrowed  into  an  obtusely  lobate  or  subtruncate 
apex,  separated  by  broad,  unequal  sinuses,** 
and  the  latter  is  described  as  ''pinnately,  hori- 
zontally divided  into  linear,  obtuse  lobes,  distant 
and  distinct  for  their  whole  length,  attached  by 
their  whole  base  to  the  thick  median  nerve 
(petiole)  like  pinnules  of  a  compound  leaf.** 
The  specimens  upon  which  L.  pinnatifidum  is 
based  are  imperfect,  so  that  it  is  not  possible 
to  make  out  the  whole  leaf  with  satisfaction, 
but  it  appears  to  have  had  at  least  three  pairs 

n  Knowlton,  F.  H.,  U.  S.  Geol.  Survey  Prof.  Paper  101,  p.  267,  pi.  42, 
fig.  6,  1918. 

w  Leaquereux,  Leo,  The  flora  of  the  Dakota  group:  U.  S.  Geol.  Sursrey 
Mon.  17,  pi.  27,  flgs.  4,  5,  1892. 

»  Idem,  pi.  29,  fig^.  1, 2. 


of  large,  obtuse,  irregularly  quadrangular, 
alternate  lobes,  which  are  separated  by  broad, 
rounded  sinuses.  The  portion  of  the  blade 
between  the  lobes  is  sufficiently  broad  to  sup- 
port a  considerable  nervation,  whereas  in  the 
Laramie  species  the  interlobular  margin  or 
wing  is^  too  narrow  to  be  provided  with  nerva- 
tion. Superficially  the  leaf  of  Artocarpus 
liriodendroides  appears  to  be  most  like  L.snowii, 
for  unless  examination  is  careful  enough  to 
disclose  the  narrow  wing  between  the  lobes 
it  seems  essentially  identical  with  that  species. 
Occurrence:  Laramie  formation.  Coal  Creek, 
Boulder  County,  Colo.,  collected  by  N.  L. 
Britton  about  1884. 

Ficns?  smithsoniaiia?  (Lesquereux)  Lesquereux. 

Plate  XXI,  figure  4. 

FicuB  smithsoniana  (Lesquereux)  Lesquereux,  Tertiary 

flora:  U.   S.   Geol.   Survey   Terr.   Rept.,   vol.    7, 

p.  200,  pi.  32,  fig.  5,  1878- 
Knowlton,  U.  S.  Geol.  Surv'ey  Prof.  Paper  101,  p. 

305,  1918. 
Juglans  smithsoniana  Lesquereux,  U.  S.  Geol.  and  Geog. 

Survey  Terr.  Ann.  Rept.  for  1872,  Supplement, 

p.  16,  1873. 

The  type  of  this  species  is  preserved  in  the 
collections  of  the  United  States  National 
Museum  (No.  106a)  and  is  said  to  have  come 
from  "Fishers  Peak,  Raton  Mountains,  N. 
Mex."  It  is  preserved  on  the  same  piece  of 
matrix  as  the  type  of  Oeonomiies  ungeri 
Lesquereux,  and  there  is  thus  every  reason  to 
suppose  that  the  locality  is  correctly  stated. 
However,  no  additional  specimens  of  this 
species  were  found  in  the  very  extensive  col- 
lections from  the  Raton  Mesa  region  recently 
studied. 

In  the  collections  from  Mount  Carbon, 
Morrison,  Colo.,  there  is  a  single  example  that 
may  be  this  species.  The  matrix  on  which  it 
is  preserved  is  the  coarse-grained  sandstone 
so  characteristic  of  many  of  the  Laramie 
deposits  and  hence  is  not  well  fitted  to  retain 
the  details  of  nervation.  The  primary  nerva- 
tion is  similar  to  that  of  the  type,  but  the  shape 
of  the  blade  differs  somewhat  in  being  a  little 
broader  and  more  tapering  both  at  base  and 
apex.  At  least  this  identification  must  be 
considered  as  open  to  some  question. 

Occurrence:  Raton  formation  (type),  Fishers 
Peak,  Raton  Mountains,  Colo.  Laramie  for- 
mation, Mount  Carbon,  Morrison,  Colo.,  col- 
lected by  Arthur  Lakes,  1890. 
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Ficus  pealei  Knowlton,  n.  sp. 

Plate  XI,  figure  6. 

Ficus  pealei  Knowlton  [nomen  nudum],   U.   S.   Geol. 
Survey  Bull.  696,  p.  284, 1919. 

Leaf  ovate,  apparently  abruptly  rounded 
below  to  the  truncate  base,  and  more  gradu- 
ally rounded  above  to  the  obtusely  acuminate 
apex;  margin  perfectly  entire;  nervation  pin- 
nate, midrib  comparatively  thick;  secondaries 
four  pairs,  alternate,  thin,  remote,  at  an  angle 
of  approximately  40°,  slightly  curved  upward, 
apparently  camptodrome. 

The  example  figured  is  the  most  nearly 
complete  of  those  observed.  It  is  about  8.5 
centimeters  in  length  and  4.5  centimeters  in 
width.  It  is  not  a  very  marked  leaf,  its 
strongest  characters  being  the  regular  ovate 
shape,  very  thick  midrib,  and  few,  thin, 
alternate  secondaries.  The  finer  nervation  is 
not  retained. 

In  shape  this  leaf  resembles  certain  of  the 
leaves  referred  to  Ficus  arenacea  Lesquereux,'* 
and  the  nervation  is  more  of  the  type  of  Ficiia 
psetido-popvlus  Lesquereux,"*  but  it  differs 
essentiidly  from  either. 

Occurrence:  Laramie  formation,  Cowan  sta- 
tion, 10  miles  south  of  Denver,  Colo.,  collected 
by  A.  C.  Peale,  for  whom  it  is  named. 

Ficus  planicostata  Lesqnereuz. 

Ficus  plameo8tata  Lesquereux,  U.  S.  Geol.  and  Geog. 

Survey  Terr.  Ann.  Rept.  for  1872,  p.  393,  1873; 

idem  for  1874,  p.  304, 1875;  idem  for  1876,  pp.  181, 

508,  1878;  U.  S.  Geol.  and  Geog.  Survey  Terr. 

BuH.,  vol.   1,    p.  379,  1876;  Tertiary  flora:  U.  S. 

Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  201,  pi.  31, 

figs.  1-8, 10-12,  1878. 
Ettingshausen,   Roy.   Soc.   London  Proc.,   vol.  30, 

p.  232,  1880. 
Hollick,  Louisiana  Geol.  Survey  Ann.  Rept.  for  1899, 

pt.  5,  pp.  276,  282,  1890. 
Newberry,  The  later  extinct  floras  of  North  America: 

U.  S.  Geol.  Survey  Mon.  35,  pp.  88,  146,  pi.  46, 

fig.  1,  1898. 
Knowlton,  U.  S.  Geol.  Survey  Bull.  163,  p.  52,  pi. 

10,  fig.  4,  pi.  12.  figs.  2-4,  1900;  U.  S.  Geol.  Survey 

Bull.  204,  p.  56. 1902. 

Leaves  of  medium  size,  subcoriaceous,  entire,  elliptical 
or  broadly  oval,  slightly  acuminate  or  obtuse,  rounded  to 
a  short  thick  petiole,  palmately  three-nerved  from  the 
top  of  the  petiole,  rarely  from  a  short  distance  above  the 
base;  primary  and  secondary  nerves  broad,  flat,  all 
camptodrome,  as  well  as  their  divisions. — Lesquereux. 

n  Leaquereux,  Lm,  The  Tertiary  flora:  U.  S.  Oeol.  Survey  Terr. 
Rept.,  vol.  7,  pi.  29,  flg.  1, 1878. 
» Idem,  pi.  34,  flgs.  1, 12. 


This  species  appears  to  have  been  first  de- 
scribed from  specimens  collected  at  Black 
Buttes,  Wyo.,  and  subsequent  events  prove 
that  this  is  the  principal  locality  for  it.  All 
the  types  figured  in  the  *' Tertiary  flora"  are 
from  this  place,  and  these,  together  with 
niunerous  duplicates,  are  preserved  in  the 
United  States  National  Museimi  (Nos.  271- 
280).  There  is  also  a  single  example  in  the 
Museum  (No.  895)  said  to  have  come  from 
Coal  Creek,  Boulder  County,  Colo.,  a  state- 
ment made  probable  by  the  finding  of  at 
least  two  fairly  perfect  examples  in  the  ma- 
terial from  this  locality,  one  belonging  to 
Columbia  University  (Nos.  119,  120)  and  now 
deposited  in  the  New  York  Botanical  Garden 
and  the  other  belonging  to  the  United  States 
National  Museiun  (No.  3611).  This  species 
.is  a  very  fine  and  characteristic  one  and  was 
well  described  and  figured  by  Lesquereux. 
It  does  not  appear  to  have  been  obtained  by 
Ward,  who  collected  extensively  at  Black 
Buttes  in  1881,  but  it  has  been  reported  from 
other  localities  with  more  or  less  certainty  by 
various  writers.  It  is,  for  instance,  reported 
by  Ettingshausen*^  from  the  Eocene  of  Alum 
Bay,  England,  which  appears  to  be  its  only 
Old  World  occurrence.  Hollick"'  reports  it 
from  the  Wilcox  of  Louisiana,  but,  as  he 
says,  the  specimen  so  referred  is  very  much 
larger  than  even  the  largest  specimens  of 
F,  planicostata  figured  by  Lesquereux.  The 
strong  lateral  secondaries  arise  at  some  dis- 
tance above  the  apex  of  the  petiole,  whereas 
in  the  typical  F.  planicostata  they  usually  take 
their  origin  at  the  very  base  of  the  blade. 
The  general  appearance  of  the  leaf,  however, 
aside  from  the  particulars  mentioned  above, 
is  very  like  that  of  F.  planicostata,  and  Hol- 
lick's  reference  may  perhaps  be  permitted  to 
stand.  In  my  ''Flora  of  the  Montana  for- 
mation." **  I  referred  to  this  species  with 
some  question  a  single  leaf  from  Coalville, 
Utah,  and  a  number  from  Dunnes  ranch,  on 
the  Laramie  Plains,  Wyo.  Newberry*'  men- 
tions and  figures  a  single  leaf  from  the  upper 
part  of  the  Clamo  formation  at  Bridge  Creek, 
Oreg.  The  leaves  from  the  Montana  group 
may  be  correctly  determined,   though   there 

M  Roy.  Soe.  London  Proc.,  vol.  90,  p.  232, 1888. 
•*  Hollick,  Arthur,  Louisiana  Oeol.  Survey  Ann.  Rept.  for  1880,  pt.  A, 
p.  282,  pi.  90,1900. 
M  U.  S.  Qeol.  Survey  Bull.  163,  p.  52,  pi.  10,  flg.  4;  pi.  12,  flgs.  2-4, 1900. 
"  U.  S.  Oeol.  Survey  Mon.  35,  p.  88,  pi.  46,  ftg.  1, 1806. 
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are  diflferences,  but  the  leaf  from  Bridge  Creek 
should  probably  be  referred  to  another  species. 

A  single  broken  leaf  from  Green  Mountain, 
Golden,  Colo.,  I  am  unable  to  distinguish  from 
this  species,  but  as  it  is  only  the  basal  portion 
I  may  be  in  error. 

In  the  material  from  the  vicinity  of  the 
Douglas  mine,  Sedalia,  Colo.,  I  find  a  single 
small  leaf  that  is  referred  with  some  hesitation 
to  this  species.  It  is  smaller  than  the  ordinary 
leaves  of  F.  planicostatay  being  only  about  4 
centimeters  in  length  and  3  centimeters  in 
width,  and  is  obtusely  wedge-shaped  instead 
of  rounded  or  subcordate  at  the  base,  and, 
further,  the  lateral  ribs,  which  arise  at  the  very 
base  of  the  blade,  have  a  greater  nimiber  of 
secondary  branches  than  is  usual  in  this  species. 
However,  the  thick  texture  of  the  leaf,  the 
palmately  three-ribbed  nervation,  and  the 
strong  nervilles  are  all  suggestive  of  F.  plani- 
costata.  If  numerous  other  leaves  agreeing 
with  this  one  are  found,  it  should  be  removed, 
either  as  a  new  variety  or  possibly  as  a  full 
species. 

The  recently  collected  material  from  the 
Denver  beds  also  contains  at  least  one  example 
that  apparently  must  be  referred  to  F.  plani- 
costaia.  It  is  about  the  size  of  the  largest 
example  figured  by  Lesquereux  "  and  has  the 
short  petiole  preserved.  It  is  slightly  less 
rounded  at  the  base  than  is  usual  with  this 
species,  but  otherwise  I  am  imable  to  see  any 
mark  of  difference. 

The  material  from  Rock  Springs  also  em- 
braces a  single  fairly  well  preserved  leaf  that, 
although  not  quite  normal,  must  be  referred 
to  this  species.  It  is  a  rather  small  leaf  with  a 
long  petiole  and  is  slightly  less  full  and  rounded 
at  the  base  than  is  usual  in  F,  planicostata,  but 
in  shape  (other  than  as  just  noted),  as  well  as 
in  the  primary  and  secondary  nervation,  it  is 
indistinguishable. 

Occurrence:  Laramie  formation,  Coal  Creek, 
Boulder  County,  Colo. ;  Hoyt  coal  mine,  1  mile 
south  of  Golden,  Colo.  Post-Laramie  (in  my 
opinion).  Black  Buttes,  Wyo.  (types).  Den- 
ver foniiation.  Golden  and  Sedalia,  Colo.  Wil- 
cox formation,  Shreveport,  La.  Mesaverde 
formation.  Rock  Springs,  Wyo. 

n  Op.  cit.  (Tertiary  flora),  pi.  31,  flg.  1. 


Ficns  coekerelli  Knowtton. 

Plate  XII,  figure  2;  Plate  XXIII,  figures  1,  2. 

Ficus  oockereUi  Knowltou,  U.  S.  Geol  Survey  Bull.  696, 
p.  273,  1919. 

Fieus  loHfolia  (Lesquereux)  Knowlton,  XJ.  S.  Geol.  Survey 
Bull.  152,  p.  102,  1898.    [Homonym,  Kunth,  1846.] 

Ficus  pUmicostaia  latifolia  Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Kept,  for  1872,  p.  393, 
1873;  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Kept., 
vol.  7,  p.  202,  pi.  31,  fig.  9,  1878.  [Lesquereux's 
original  figure  is  here  reproduced  as  PI.  XII,  fig.  2.] 

Leaves  thick,  very  large,  9  to  15  centimeters 
long,  10  to  14  centimeters  broad,  from  nearly 
circular  to  short  oblong,  a  little  longer  than 
broad,  heart-shaped  at  base,  evenly  rounded 
at  apex;  margin  perfectly  entire;  petiole  short, 
thick;  leaf  strongly  palmately  three-ribbed 
from  the  apex  to  the  petiole;  the  two  lateral 
ribs  form  an  angle  of  about  40°  with  the  cen- 
tral or  midrib  and  thence  proceed  nearly  straight 
to  the  margin  high  above  the  middle,  sending 
off  from  their  outer  side  from  8  to  10  well- 
developed,  often  somewhat  irregular  second- 
aries, the  lowest  of  which  supports  6  to  8 
tertiaries;  midrib  naked  for  some  distance  above 
the  insertion  of  the  lateral  primaries,  then 
giving  rise  to  three  or  four  strong,  alternate, 
distant  nerves  on  each  side,  which  branch  in 
the  same  manner  as  the  lateral  nerves;  sec- 
ondary and  tertiary  nerves  arching  near  the 
margin  by  roimded  loops;  nervilles  very  promi- 
nent, usually  simple,  and  curved  or  several 
times  subdivided  so  as  to  form  small  quad^ 
rangular  meshes. 

When  this  form  was  first  described  by 
Lesquereux  he  was  in  doubt  as  to  whether  it 
should  be  ranked  as  a  large,  broad-leaved 
variety  of  F.  planicostata  or  regarded  as  speci- 
fically distinct.  In  the  *' Tertiary  flora,"  page 
202,  he  reiterates  this  expression  of  doubt,  but 
as  he  had  found  only  two  leaves  of  this  charac- 
ter, he  was  inclined  to  regard  it  as  only  a 
variety  of  F,  planicostata.  He  remarks,  how- 
ever, that  among  very  numerous  examples  of 
F,  planicostata  there  appeared  to  be  no  marked 
variation  from  the  normal  size  and  shape, 
whereas  the  species  under  consideration  is 
twice  as  large  and  has  a  heart-shaped  base. 
The  nervation  is  of  precisely  the  same  charac- 
ter in  both. 
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The  fortunate  discovery  of  a  number  of  well 
preserved  leaves  of  this  species  in  the  coarse 
sandstones  at  Hoyt's  coal  mine,  near  Grolden, 
C!olo.,  and  also  at  Marshall's  coal  mine,  in 
Boulder  County,  C!olo.,  makes  it  possible  to 
arrive  at  a  better  understanding  of  this  form, 
which  it  now  seems  best  to  raise  to  full  specific 
rank.  It  turns  out  that  the  smallest  leaf  that 
has  been  found  is  the  original  type  from  Black 
Butt^s,*'  while  the  largest  is  fully  15  centi- 
meters long  and  14  centimeters  broad.  They 
are  undoubtedly  very  closely  allied  to  F. 
planicosiata  but  differ  from  it  in  being  uni- 
formly at  least  twice  the  size  and  without 
intermediate  forms  and  in  being  heart-shaped 
at  the  base.  This  species  is  also  6losely  allied 
to  F.  specioaissima  Ward,**  from  Point  of 
Rocks,  Wyo.,  which  differs  merely  in  being 
more  markedly  heart-shaped  at  the  base  and 
in  having  the  nervilles  joining  the  arches  of 
the  secondary  and  tertiary  nervation  to  the 
mai-gin,  either  character  being  of  special  im- 
portance. Ficus  speciosiasima  is  also  slightly 
ineqmlateral,  thus  approaching  certain  forms 
of  F.  tUiaefolia. 

The  figiired  type  of  F.  latifdia  (U.  S.  Nat. 
Mus.  No.  278)  is  from  Black  Buttes,  Wyo. 
The  other  type  specimen  is  said  to  have  come 
from  Golden,  Colo.,  but  as  it  can  not  be  foimd 
in  the  Museum  collections  I  can  not  state 
whether  it  came  from  the  true  Laramie  or  the 
Denver  formation,  but  inasmuch  as  all  the 
recent  collections  from  Golden  containing  it 
are  in  the  true  Laramie,  it  is  probably  a  lower 
or  true  Laramie  species. 

As  the  specific  name  latifolia  proved  to  be  a 
homonym  of  a  living  species  (Kunth,  1846),  it 
has  been  necessary  to  give  this  form  a  new 
name.  It  is  named  in  honor  of  Prof.  T.  D.  A. 
Cockerell,  of  Boulder,  Colo.,  a  well-known 
student  of  the  Colorado  faima  and  flora. 

Occurrence:  Post-Laramie  (in  my  opinion). 
Black  Buttes,  Wyo.  Laramie  formation, 
Hoyt's  coal  mine,  near  Golden,  and  Marshall's 
cod  mine,  both  in  Boulder  County,  Colo. 

Fleas  planlcostata  magnifolia  Knowlton,  n.  rar. 

Plate  X,  figure  3. 

Fieu8  plamcostata  jnagnifoha  Knowlton  [uomeu  nudum], 
U.  S.  Geol.  Survey  Bull.  696,  p.  285,  1919. 

Similar  to  the  type  but  much  larger,  reach- 
ing 14  centimeters  in  length  and  9  centimeters 

•  Leaquereux,  Leo,  op.  dt.  (Tertiary  florft),  pi.  31,  fig.  9. 
••  Ward,  L.  F.,  Types  of  the  Laramie  flora:  U.  8.  Oeol.  Survey  Bull. 
37,  p.  39b  Pl*  31,  fig*  3f  1S87. 


in  width,  slightly  more  pointed  above  and  less 
evidently  truncate  below,  but  otherwise  much 
the  same. 

This  form  is  described  as  new  with  some  hesi- 
tation. It  clearly  belongs  to  that  group  of 
species  which  includes  Ficua  planicostata,  F. 
cocJcerelli,  F.  spedosimima,  F.  leei,  and  others. 
Ficus  cockereHi  differs  from  it  in  being  very 
much  larger  and  in  having  a  deeply  cordate 
base,  which  produces  marked  differences  in 
the  nervation;  F.  Uei  differs  in  size  and  shape, 
being  smaller  and  more  elongate,  and  in  a 
number  of  minor  particulars  of  nervation. 

It  is  of  course  quite  true  that  difference  in 
size  is  an  imreliable  criterion  on  which  to  base 
specific  or  even  varietal  distinction,  provided 
there  is  agreement  in  other  particulars,  but  in 
the  present  case  it  is  thought  that  the  differ- 
ences are  sufficient  to  warrant  keeping  these 
leaves  from  identification  with  the  typical  F. 
planicoataia. 

Occurrence:  Laramie  formation,  Marshall, 
Colo.,  half  a  mile  south  of  railroad  station,  in 
first  draw  north  of  white  sandstone  bluff,  just 
above  the  highest  coal  of  the  region,  collected 
by  F.  H.  Knowlton  and  G.  C.  Martin,  1908. 

•  

Flcatf  praeplanleosUita  Knowlton,  n.  sp. 

Plate  XXII,  figure  2. 

Ficus  praeplanicostata  Knowlton  fnomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  285,  1919. 

Leaf  coriaceous,  elliptical-obovate,  appar- 
ently rounded  below  to  a  more  or  less  distinctly 
wedge-shaped  base  and  narrowed  above  in 
like  degree  to  an  obtusely  acuminate  apex; 
margin  perfectly  entire ;  midrib  rather  slender,- 
perfectly  straight;  apparently  three-ribbed 
from  or  near  the  base,  the  lateral  ribs  slender, 
at  an  acute  angle,  somewhat  curving  upward, 
ascending  nearly  to  the  top  of  the  blade,  and 
joining  the  lowest  secondary  just  within  the 
margin;  lateral  ribs  with  seven  or  eight  secon- 
dary branches  on  the  outside,  each  .of  which 
arises  at  an  acute  angle,  curves  slightly  up- 
ward and  joins  the  one  next  above  just  at  the 
margin;  secondaries  on  the  midrib  four  or  five, 
pairs,  scattered,  strongly  alternate,  each  pass- 
ing upward  practically  parallel  to  the  lateral 
ribs  and  joining  the  one  next  above,  the  upper 
pair  arching  completely  around  and  joining 
the  midrib  near  the  apex  of  the  blade;  nervilles 
very  numerous  and  conspicuous,  mainly  per- 
current  but  also  broken,  approximately  at 
right  angles  to  the  midrib. 
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This  speciijs,  of  which  a  very  good  figure  is 
given,  appears  to  be  represented  only  by  this 
example.  It  lacks  the  basal  portion  and  most 
of  the  margin  on  one  side,  but  as  nearly  as  can 
be  made  out  it  is  about  10  or  12  centimeters  in 
length  and  about  6  centimeters  in  width  at  the 
broadest  point,  which  seems  to  be  a  little  above 
the  middle.  The  nervation  is  very  distinct 
and  regular,  as  described  above. 

This  species  is  imdoubtedly  most  closely  re- 
lated to  Picas  planicoatata  Lesquereux,'^  from 
which  it  differs  in  its  apparently  wedge-shaped 
base,  more  pointed  apex,  and  more  erect,  rela- 
tively slenderer  nervation,  for  it  is  in  a  way 
intermediate  between  this  and  Lesquereux's 
variety  dintonij  but  it  appears  sufficiently  dis- 
tinct from.  F.  planicostata  by  the  characters 
mentioned,  and  it  is  clearly  distinct  from  the 
variety  clintoni.  Additional  material  may  give 
evidence  of  variation  in  the  direction  of  the 
typical  form,  but  until  that  is  forthcoming  this 
may  stand  as  a  distinct  though  obviously 
closely  related  variety. 

Occiuxence:  Laramie  formation,  Coal  Creek, 
Boulder  County,  Colo. 

Ficiu  impressa  Knowlton,  n.  sp. 

Plate  VII,  figures  1-3;  Plate  XVI,  figure  3. 

FiciLg  imprusa  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  278,  1919. 

Leaves  of  thick  texture,  uniform  size,  and 
ovate  or  eUiptical  outUne,  rounded  and  tnm- 
cate  or  very  obtusely  wedge-shaped  at  the  base, 
obtusely  pointed  at  the  apex;  margin  entire; 
pervation  deeply  impressed,  three-ribbed  from 
the  base  of  the  blade,  the  midrib  slightly  the 
strongest,  with  about  three  pairs  of  strong 
camptodrome  secondaries  above  the  middle; 
lateral  ribs  at  an  angle  of  50^  or  60-^,  each  with 
five  to  seven  secondary  branches  on  the  out- 
side, these  camptodrome  and  arching  just 
inside  the  margin;  nervilles  very  numerous, 
strong,  often  broken. 

This  species  is  represented  by  a  considerable 
number  of  examples,  one  of  which  is  nearly 
perfect.  They  are  about  7  centimeters  in 
length  and  vary  in  width  from  3.5  to  6  centi- 
meters. 

This  species  is  also  the  type  of  Ficus  ptani- 
costata  Lesquereux,  from  which   it  differs  in 

«  Lesquereux,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  7,  pi.  31, 1878. 


being  narrower,  more  eUiptical,  and  less  trun- 
cate at  the  base.  The  lateral  ribs  are  at  a 
slightly  more  acute  angle,  and  both  these  and 
the  secondary  branches  are  less  regular;  the 
nervilles  are  the  same  in  both. 

Occurrence:  Laramie  formation,  Marshall, 
Colo.,  collected  by  Arthur  Lakes,  1890. 

Ficus  eoloradensis  Cockerell. 
Plate  XXII,  figure  1, 

Ficus  cohradenns  Cockerell,  Torreya,  vol.  10,  p.  223,  1910. 

Ficus  irregularis  (Lesquereux)  Lesquereux,  U.  S.  Geol. 
and  Geog.  Survey  Terr.  Ann.  Rept.  for  1874,  p. 
304, 1876;  idem.  Bull.,  vol.  1,  p.  368, 1876;  Tertiary 
flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p. 
196,  pi,  34,  figs.  4-7, 1878;  Harvard  CoU.  Mus.  Comp, 
Zoology  Bull.,  vol.  16,  p.  50,  1888.  [Homonym, 
Miquel,  1867.] 
Ward,  U.  S.  (Jeol.  Survey  Sixth  Ann.  Rept.,  p.  552, 
pi.  44,  fig.  4,  1886  [not  fig.  5,  which^Rhamnus 
goldianus]]  U.  S.  Geol.  Survey  Bull.  37,  p.  38 
pi.  20,  fig.  4,  1887  [not  fig.  5,  which=Rhamnu$ 
goldianus]. 
Knowlton,  U.  S.  Geol.  Survey  Bull.  163,  p.  51,  1900. 

Ulmusf  irregularis  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1872,  p.  378,  1873. 

A  good  deal  of  confusion  seems  to  be  current 
regarding  the  distribution  of  this  species.  It 
was  originally  described  under  the  name 
Ulmus?  irregularis  from  specimens  found 
in  the  Denver  beds  at  Golden,  Colo.,  and  sub- 
sequently was  reported  by  Lesquereux  from 
Point  of  Rocks,  Black  Buttes,  and  Carbon, 
Wyo.  The  type  specimens  figured  by  Les- 
quereux in  the  ''Tertiary  flora''  (PL  XXXIV, 
figs.  4-7)  are  preserved  in  the  United  States 
National  Museum  and  are  before  me.  The 
originals  of  Lesquereux 's  figures  5,  6,  and  7 
(Museum  Nos.  296,  297,  831)  are  all  in  the 
andesitic  material  characteristic  of  the  Denver 
beds,  and  additional  examples  are  to  be  found 
in  subsequent  collections  from  this  area.  The 
original  of  his  figure  4  (Museum  No.  295)  is 
recorded  as  coming  from  Carbon,  Wyo.,  but 
later  collections  from  this  locality  do  not  seem 
to  contain  it. 

The  material  upon  which  Lesquereux  based 
his  statement  of  the  abundant  presence  of 
F.  irregularis  at  Black  Buttes  is  not  to  be 
foimd  in  the  Museum  collections,  and  as  this 
species  has  not  been  found  there  by  any  of  the 
subsequent  collectors,  Lequereux's  statement 
may  be  set  down  as  extremely  doubtful  and 
not  entitled  to  any  consideration. 
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The  status  of  F,  irreg^ularia  Bit  Point  of  Rocks, 
Wyo.,  is  hardly  more  satisfactory.  The  single 
specimen  figured  by  Lesquereux '^^  as  from  this 
locality  is  No.  295a  of  the  United  States  Na- 
tional Museum  collection  and  represents  only 
the  petiole  and  extreme  basal  portion  of  a  leaf. 
I  admitted  this  species  in  my  '*  Flora  of  the 
Montana  formation '^  on  the  basis  of  this  ex- 
ample alonO;  for  none  other  seems  to  have  been 
found,  but  I  doubt  the  wisdom  of  so  doing  with- 
out further  reservation.  So  far  as  can  be  made 
out  from  so  small  a  portion  it  might  have  be- 
longed to  F.  irregvlarisj  and  on  the  other  hand 
it  would  be  equally  hard  to  exclude  it  from  a 
nimiber  of  other  species  of  similar  size.  In  any 
event,  if  admitted  as  a  member  of  the  Montana 
flora,  its  status  as  above  outlined  should  be 
distinctly  recalled  and  weighed  accordingly. 

As  noted  in  the  synonymy,  one  of  the  two 
leaves  figured  by  Ward  is  with  little  doubt 
Rhamnua  goldianus.  It  has-  a  slightly  but  dis- 
tinctly heart-shaped  base  with  a  number  of 
short  tertiaries  going  out  from  the  lower  side 
of  the  lowest  pair  of  secondaries,  exactly  as 
Lesquereux  described  for  JR.  goldianus  and 
quite  unlike  typical  Ficua  irregularis.  The 
latter  has  a  wedge-shaped  base,  with  no  ter- 
tiaries on  the  lower  side  of  the  lowest  pai^  of 
secondaries. 

In  the  material  collected  by  Ward  in  1883 
and  figured  but  not  described  is  one  specimen 
obtained  in  white  sandstone  at  a  point  l\ 
miles  southeast  of  Golden  and  therefore  prob- 
ably in  the  true  Laramie;  and  a  leaf  which  can 
hardly  be  distinguished  has  been  found  at 
Marshall,  Colo. 

Occurrence:  Laramie  formation,  Marshall  and 
1}  miles  south  of  Golden,  Colo.  Denver  for- 
mation, Golden,  Colo,  (types).  "Upper  Lara- 
mie," Carbon,  Wyo.  (doubtful).  Mesaverde 
formation.  Point  of  Rocks,  Wyo.  (doubtful). 

Hens  dalmatica  Ettingshansen. 

Plate  XXI,  figure  9;  Plate  XXII,  figure  5. 

Ficus  dalmatica  Ettingshauseu,    Eocene  flora  of  Mouut 

Promina,  p.  29,  pi.  7,  fig.  11,  1855. 
Lesquereux,  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann. 

Rept.  for  1874,  p.  303,  1875;  Tertiary  flora:  U.  S. 

Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  199,  pi.  63,  figs. 

3-5, 1878. 
Kuowlton,  U.  S.  Geol.  Survey  Bull.  163,  p.  51,  pi.  8, 

fig.  4,  1900. 


••  op.  cit.  (Tertiary  flora),  pi.  63,  fig.  9. 


This  European  species  was  identified  by 
Lesquereux  with  specimens  from  Point  of 
Rocks,  Wyo.  One  of  these  specimens  (No. 
294,  U.  S.  Nat.  Mus.,  original  of  Lesquereux's 
PI.  LXIII,  fig.  4)  is  in  the  United  States 
National  Museum  and  agrees  very  closely  with 
the  figures  of  this  species  in  Ettingshausen's 
paper  above  cited,  though  it  is  perhaps  to  be 
doubted  if  they  are  really  identical. 

In  the  collections  from  Coal  Creek  there  is  a 
single  leaf — the  one  here  figured — that  is 
almost  the  exact  counterpart  of  figure  4  of 
Lesquereux's  Plate  LXIII.  Another  leaf 
shown  in  Plate  XXII,  figure  5,  also  from  Coal 
Creek,  is  referred  here  with  some  question.  It 
is  not  well  preserved,  and  its  characters  are 
made  out  with  diflBculty. 

Occurrence;  Laramie  formation,  Coal  Creek, 
Boulder  County,  Colo.  Mesaverde  formation, 
Point  of  Rocks,  Wyo. 

Flcufl  neodalmatica  KnowUon,  n.  sp. 

.     Plate  VII.  figure  6. 

Ficu8  neodalmatica  Knowlton   [nomen  nudum],    U.    S. 
Geol.  Survey  Bull.  696,  p.  283,  1919. 

Leaf  of  small  size  and  firm  texture,  ovate- 
cuneate,  broadest  at  or  near  the  middle,  from 
which  it  narrows  regularly  to  the  base  and 
above  to  the  obtusely  acuminate  apex;  midrib 
very  thick,  especially  below;  lower  pair  of 
secondaries  arising  at  the  base  of  the  blade, 
at  a  much  more  acute  angle  than  the  ones 
above,  passing  up  to  or  above  the  middle  of 
the  leaf  and  there  joining  by  a  broad  loop  with 
the  pair  next  above;  upper  secondaries  about 
four  pairs,  alternate,  at  irregular  distances, 
camptodrome,  each  joining  the  one  above  by 
a  broad  loop  well  inside  the  margin  and  with 
a  series  of  loops  outside;  nervilles  sparse, 
mainly  broken. 

The  leaf  figured  is  nearly  perfect.  It  is 
slightly  unequal  sided,  being  ovate-cuneate, 
with  a  wedge-shaped  base  and  an  obtusely 
acuminate  apex.  It  is  6.5  centimeters  in 
length  and  3.5  centimeters  in  width  at  a  point 
a  little  above  the  middle  of  the  blade.  This 
species  is  undoubtedly  most  closely  related  to 
what  Lesquereux  has  figured  from  Point  of 
Rocks,  Wyo.,  as  Ficus  dalmatica  Ettmgs- 
hausen.*'     It    differs   from    that   form   in    its 


M  Lesquereux,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  7,  pi.  63,  flgs.  3-5,  1878. 
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larger  size  and  broader  outline,  but  in  the 
nervation  they  are  of  the  same  type,  as  may 
be  seen  on  comparing  especially  Lesquereux's 
figure  4  with  the  present  species. 

Occurrence:  Laramie  fonnation,  cut  on 
Moffat  raiht)ad  (Denver  &  Salt  Lake)  about 
6  or  8  miles  north  of  Golden,  Colo.,  collected 
bv  A.  C.  Peale,  1908. 

FlcusT  leyden  Knowlton,  n.  sp. 

Plate  XIV,  figure  1. 

Fietuf  leyden  Knowlton  [nomen  nudum],   U.  S.  Geol. 
Survey  Bull.  696,  p.  283, 1919. 

Size  and  complete  outline  not  known,  but 
apparently  very  unequal  sided;  base  truncate; 
mai^in  entire;  nervation  palmate  from  the  ex* 
treme  base  of  the  blade,  the  ribs  five,  very 
unequally  distributed;  the  first  rib  on  the 
narrow  side  of  the  blade  is  nearly  straight  and 
has  four  or  five  slender  branches  on  the  out- 
side; the  next  rib,  which  may  be  called  the 
midrib,  is  slightly  larger  than  either  of  the 
others,  with  several  pairs  of  thin  secondary 
branches  in  the  upper  part;  the  other  ribs 
supply  the  full  side  of  the  blade  and  have 
several  branches  on  the  outside  which  are 
probably  camptodrome,  but  as  the  margin  is 
missing  at  this  point  it  is  impossible  to  be 
positive;  finer  nervation  obsolete. 

This  leaf  has  the  appearance  of  having  been 
sessile,  and  the  narrow  side  was  naturally  the 
upper  side.  It  is  so  well  shown  in  the  figure 
that  no  other  description  is  necessary. 

It  Ls  perhaps  doubtful  if  this  leaf  should  be 
referred  to  Ficus,  but  the  generic  aflSnity  is 
believed  to  be  with  what  Newberry  called 
Ficust  alasJcana,**^  from  the  Kenai  formation 
of  the  Cook  Inlet  region  of  Alaska,  especially 
the  one  shown  in  the  figure  cited.  This  has 
the  five  ribs  in  the  somewhat  imequal  sided 
leaf,  but  the  form  imder  consideration  differs 
in  being  truncate  instead  of  heart-shaped  at 
the  base  and  in  being  very  imequal  sided,  and 
this  affects  the  direction  of  the  ribs.  It  is 
possible  that  this  is  only  an  individual  varia- 
tion or  abnormal  form  of  Fictis  cocJcereUi, 
though  the  texture  of  the  leaf  and  the  absence 
of  finer  nervation  mark  it  as  distinct. 

Occurrence:  Laramie  formation,  Leyden 
Gulch,  about  6 J  miles  north  of  Golden,  Colo., 
collected  by  A.  C.  Peale. 

M  Newberry,  J.  S.,  U.  S.  Oeol.  Survey  Hon.  35,  pi.  55,  fig.  2, 1888. 


Ffens  poflUtrinerrto  KnowlloBf  n.  a^ 

Plate  VI,  figures  1,  2. 

Fieia  post-trinervia  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  285,  1919. 

Leaves  of  firm  texture,  ovate  or  ovate-ellip- 
tical, about  equally  narrowed  to  both  base  and 
apex,  three-ribbed  from  the  very  base  to  the 
blade,  all  the  ribs  of  equal  size,  the  lateral  ones 
passing  up  for  two-thirds  or  three-fourths  the 
length  of  the  blade,  curving  in  in  the  upper 
portion;  secondaries  few,  alternate,  above  the 
middle  of  the  leaf,  camptodrome;  finer  nerva- 
tion not  retained. 

The  two  leaves  figured  illustrate  this  species 
very  well,  though  neither  is  quite  perfect. 
They  are  6  or  7  centimeters  in  length  and  about 
3  centimeters  in  width.  One  has  the  petiole 
preserved  for  a  length  of  1  centimeter,  but  it 
is  obviously  broken.  Where  the  petiole  merges 
into  the  blade  it  splits  into  three  equal  ribs 
which  divide  the  blade  into  four  approxi- 
mately equal  areas. 

This  species  is  undoubtedly  most  closely  re- 
lated to  Ficus  praetrinervis  Knowlton,  from  the 
Vermejo  formation  of  southern  Colorado.  The 
leaves  are  much  smaller  than  is  usual  in  that 
species,  are  more  nearly  elliptical,  and  are  not 
Imown  to  have  secondary  branches  on  the  out- 
side of  the  lateral  ribs.  The  secondaries  on 
the  midrib  start  at  a  higher  point  than  in  F. 
praetrinervis f  but  this  is  perhaps  a  variable 
character.  This  species  is  abo  related  to  F. 
cannonif  described  below,  which,  however, 
differs  in  its  much  smaller  size  and  thinner 
lateral  ribs  or  secondaries,  which  join  the  sec- 
ondaries on  the  midrib  near  the  middle  of  the 
blade. 

Occurrence:  Laramie  formation.  Cowan  sta- 
tion, 10  miles  southeast  of  Denver,  Colo.,  col- 
lected by  F.  H.  Knowlton,  1908. 

Flcaa  cannoni  Knowlton,  n.  sp. 

Plate  VI,  figure  3;  Plate  X,  figure  1. 

Ficus  cannoni   Knowlton   [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  272,  1919. 

Leaves  small,  of  firm  texture,  obovate-lan- 
ceolate,  rather  obtuse  above,  narrowly  wedge- 
shaped  below,  perfectly  entire;  midrib  very 
slender;  secondaries  about  four  or  five  pairs, 
the  lower  ones  arising  at  the  very  base  of  the 
blade  and  running  up  for  nearly  or  quite  half 
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the  length  of  the  leaf  and  joming  the  next  pan* 
of  secondaries,  which  arise  high  above  the  base; 
other  secondaries  thin,  at  an  angle  of  about 
45*^,  considerably  curved  upward,  campto* 
drome,  each  joining  the  one  next  above;  finer 
nervation  not  retained. 

This  species  is  represented  by  several  ex- 
amples, two  of  which  have  been  figured.  The 
larger  one  is  about  5  centimeters  long  and 
nearly  2  centimeters  broad ;  the  other  is  about 
4  centimeters  long  and  1.5  centimeters  wide. 
It  may  be  distinguished  at  once  by  its  obovate 
shape,  narrowly  wedge-shaped  base,  and  thin 
lower  secondaries,  which  run  up  and  join  the 
next  pair  of  secondaries,  the  latter  originating 
near  the  middle  of  the  blade. 

This  species  is  of  the  type  of  Fi4m8  trinervis 
(Ward)  Knowlton,  F.  praetrinervis  Enowlton, 
from  the  Vermejo  formation,  and  F.  posi-triner^ 
ms  of  this  report.  From  all  these  it  differs  in 
its  smaller  size  and  more  markedly  obovate 
outline.  It  wi^  at  one  time  thought  that  these 
specimens  might  be  very  small,  narrow  leaves 
of  F.  praetrinerviSy  but  as  that  species  is  usually 
very  abundant  where  it  occurs  at  all,  inter- 
mediate forms  connecting  the  two  should  be 
foimd,  but  they  have  not,  and  so  F,  cannoni  is 
considered  as  undoubtedly  distinct. 

This  species  is  named  in  honor  of  George  L. 
Cannon,  of  Denver,  who  has  long  been  identified 
with  the  study  of  the  geology  of  the  Denver 
Basin. 

Occurrence:  Laramie  formation,  Cowan  sta- 
tion, 10  miles  southeast  of  Denver,  Colo. 
(PL  VI,  fig.  3),  collected  by  F.  H.  Knowlton, 
1908;  Popes  Bluff,  just  north  of  Pikeview, 
Colo.  (sec.  14,  T.  13  S.,  R.  67  W.),  collected 
by  A.  C.  Peale  and  M.  I.  Goldman,  1908. 

Ficns  nayieularis  Coekerell. 

Plate  VI,  figures  4,  5;  Plate  XI,  figures  3-5. 

Fieus  fuwicukaru  Coekerell,  Am.  Mus.  Nat.  Hist.  Bull., 

vol.  24,  p.  89,  1908;  Torreya,  vol.  9,  p.  141,  figs.  A, 

C  (in  text),  1909. 
Ficus  kmeeolata  Heer,  Flora  tertiaria  Helvetiae,  vol.'  2, 

p.  62,  pi.  81,  figs.  2-^,  1856.    [Homonym,  Buchenau- 

Hamilton,  1814.] 
Leequereux,  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann. 

Rept.  for  1871,  p.  300,  1872;  Tertiary  floia:  U.  S. 

Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  191,  pi.  28, 

figs.  1-5,  1878.    [Figures  1-5  reproduced  on  PI.  XI, 

figs.  3-5.] 

The  first  American  specimens  referred  to 
Ficua    lanceolata    Heer    were    mentioned    by 


Lesquereux  in  1871  [1872],  having  probably 
been  collected  the  previous  year.  He  wrote 
as  follows  of  the  collection  of  which  they  form 
apart: 

Hard,  shaly,  fine-grained  whitish  sandstone.  About 
the  same  consistence  and  color  as  the  spedmens  from 
Carbon  station.  The  precise  locality  is  unknown,  the 
labels  having  been  lost  or  forgotten. 

Most  of  this  collection  is  still  preserved  in 
the  United  States  National  Museum,  and, 
although  it  was  originally  stated  to  be  from 
an  imknown  locality,  the  next  time — and  in 
fact  at  all  subsequent  times — ^it  was  mentioned 
it  was  said  by  Lesquereux  to  have  come  from 
the  Green  River  formation.  The  nature  of  the 
matrix  entirely  precludes  the  probability  of 
this  being  true,  a  view  further  confirmed  by 
the  other  species  in  the  collection,  as  well  as 
by  the  geologic  distribution  subsequently 
shown  for  the  various  species. 

Other  specimens  from  Willow  Creek,  in 
Middle  Park,  and  from  Florissant,  Colo.,  have 
been  referred  to  this  species,  but  most  of  these 
specimens  can  not  now  be  found.  The  only 
one  that  I  have  been  able  to  see  is  a  very 
fragmentary  leaf  from  Florissant  that  may  or 
may  not  belong .  to  this  species,  and  in  any 
event  it  should  have  little  weight  in  any  scheme 
of  geologic  distribution,  unless  other  clearly 
identical  material  can  be  obtained.  In  the 
very  extensive  collections  from  Florissant 
studied  by  Coekerell  and  me  it  has  not  been 
observed  with  certainty. 

FiciLS  lanceoUUa  was  described  by  Heer  from 
material  obtained  in  the  Swiss  Miocene  in  1856, 
but,  as  set  forth  in  the  synonymy  above,  this 
name  is  preoccupied  by  a  living  oriental  species 
named  in  1814,  and  consequently  the  species 
was  renamed  by  Coekerell  Ficus  navicvlaria. 
This  name,  however,  should  be  applied  only  to 
the  American  specimens  that  had  been  referred 
to  Ficus  lanceolcUa  Heer,  for  a  comparison  of 
the  figures  given  by  Heer  and  Lesquereux 
leads  to  the  conclusion  that  they  are  not 
conspecific.  The  American  leaves  are  long, 
narrowly  lanceolate,  with  many  close,  parallel 
secondaries,  whereas  the  leaves  from  the 
Swiss  Miocene  are  not  only  larger  but  incline 
to  the  obovate-lanceolate  and  have  fewer 
secondaries,  which  are  scattered,  much  curved 
upward,  and  very  markedly  camptodrome. 
It  is  probable  that  the  Eiuropean  leaves  should 
be  given  a  new  name,  for  they  can  not  be 


138 


LARAMIE  FLORA  OF  THE  DENVER  BASIN. 


called  F.  lanceolaia  and  they  appear  to  difFer 
from  the  American  F.  navicnlaris. 

I  was  at  one  thne  mclined  to  refer  a  part  of 
Ficus  arenacea  Lesquereux  •*  to  what  was  then 
called  F,  lanceolaia,  but,  as  Cockerell  ••  has 
pointed  out,  it  may  be  distinguished  by  its 
broader  and  strongly  inequilateral  base.  It 
was  a  part  of  the  s^me  collection  from  an  \m- 
known  locality  and  is  certainly  very  close  to 
F,  navicular  is, 

Ficus  navicnlaris  belongs  to  that  type  of  non- 
descript, narrow  leaves  that  are  difficult  to  iden- 
tify with  certainty  unless  they  are  exception- 
ally well  preserved,  a  condition  unfortunately 
far  from  being  usual  in  the  Laramie  material. 
It  is  on  this  account  that  the  species  (usually 
under  the  name  F,  lanceolaia)  has  been  reported 
from  a  number  of  localities,  and  as  the  material 
is  often  fragmentary,  or  the  nervation  poorly 
preserved,  some  of  these  identifications  are 
probably  open  to  more  or  less  question.  Thus, 
a  narrow  lanceolate  form  from  the  Vermejo 
formation  of  the  Starkville  mine  at  Starkville, 
Colo.,  has  been  described  under  the  name  Ficus  f 
starJcviUensis  Knowlton.*^  Ficus  navicvlaris 
has  also  been  reported  from  beds  described  as 
of  Mesaverde  age  in  the  vicinity  of  Lay,  Colo. 

The  material  from  Marshall  embraces  a  num- 
ber of  lanceolate  leaves  that  are  referred  to 
F,  navicvlaris  with  little  hesitation.  The  one 
shown  in  Plate  VI,  figure  4,  is  of  approximately 
the  same  size  and  shape  as  that  shown  in  figure 
4  of  Plate  XXVIII  of  the  '* Tertiary  flora"  and 
differs  only  slightly  in  the  secondaries.  The 
fragmentary  leaf  shown  in  Plate  VI,  figure  5,  is 
of  the  same  type  as  Lesquereux's  figure  3  but 
is  a  little  larger. 

Occurrence:  Laramie  formation,  types  from 
an  unknown  locality,  subsequently  collected 
from  the  Marshall  coal  mine,  Marshall,  Colo.,  by 
Arthur  Lakes,  1890. 

Ficus  multinenis?  Heer. 

Plate  XII,  figures  3,  3a,  4. 

Ficua  multinervia  Heer.  Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  300, 
1872;  Tertiary  flora:  U.S.  Geol.  Survey  Terr.  Rept., 
vol.  7,  p.  194,  pi.  28,  figs.  7,  8.  .  [Lesquereux's  fig. 
ures  are  here  reproduced.] 


••  Lesquereux,  Leo,  The  Tertiary  flora:  U.  8.  Geol.  Survey  Terr.  Rept., 
vol.  7,  pi.  29,  flga.  1,  4,  1878  (not  figs.  2,  3). 

N  Cockerell,  T.  D.  A.,  Am.  Mus.  Nat.  Hist.  Bull.,  vol.  24,  p.  89,  1908. 

«  Lee,  W.  T.,  and  Knowlton,  F.  H.,  U.  S.  Geol.  Survey  Prof.  Paper 
101,  p.  262,  pi.  38,  fig.  9,  1918. 


This  species  was  described  by  Heer  *  in  1866 
from  specimens  obtained  in  the  Miocene  of 
Switzerland.  The  American  specimens  re- 
ferred by  Lesquereux  to  this  species  have  the 
same  history  as  Ficus  lanceolaia  (now  F.  navicu- 
laris) — that  is,  the  source  of  the  original  speci- 
mens is  not  known.  They  have  likewise  usually 
been  referred  to  the  Green  River  formation  up 
to  the  present  time. 

The  collection  from  the  coal  mine  on  Coal 
Creek,  Boulder  County,  Colo.,  made  by  Arthur 
Lakes  in  1890  contains  a  number  of  fragments 
that  seem  to  belong  to  this  form.  They  are 
similar  in  shape  to  Ficus  navicvlaris  but  have 
the  more  numerous  secondaries  at  a  more  acute 
angle  of  divergence. 

Occurrence:  Laramie  formation,  Coal  Creek, 
Boulder  County,  Colo.,  collected  by  Arthur 
Lakes,  June,  1890. 

FIciis  denyeriana?  Cockerell. 

Plate  XII,  figure  5. 

« 

Ficui  denveriana  Cockerell,  Torreya,  vol.  10,  p.  224,  1910. 
Knowlton,  U.  S.  Geol.  Survey  Prof.  Paper  101,  p.  302, 

pi.  76,  figs.  1,  2,  1918. 
Ficus  apectabilis  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 

Terr.  Ann.  Rept.  for  1872,  p.  379,  1873;  Tertiary 

flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p. 

199,  pi.  33,  figs.   4-6,    1878;  Harvard  Coll.  Mus. 

Comp.  Zoology  Bull.,  vol.  16,  p.  50,  1888;  U.  S. 

Nat.  Mua.  Proc.,  vol.  11,  p.  25,  1888.    [Homonym, 

Kunth  and  Bouch^,  Annalea  sci.  nat.,  3d  ser.,  vol. 

7,  p.  235,  1847.] 

This  species  is  essentially  a  Tertiary  form, 
having  been  first  described  from  material 
found  in  the  Denver  formation  at  Golden, 
Colo.  It  is  abundant  in  the  Denver  formation 
in  the  Denver  Basin  and  was  subsequently 
found  in  beds  supposed  to  be  of  the  same  age 
in  Middle  Park  and  was  also  shown  to  be 
abundant  in  the  Raton  formation  of  the  Raton 
Mesa  region. 

It  is  very  rare,  if  indeed  it  is  present  at  all, 
in  the  Laramie  formation.  It  was  first  noted 
by  Lesquereux  •'  in  a  small  collection  from 
the  old  Franceville  coal  mine,  a  few  miles 
southeast  of  Colorado  Springs,  Colo.,  though  it 
is  not  contained  in  collections  made  at  the 
same  locality  in  1908.  The  single,  somewhat 
fragmentary  leaf  here  figured  was  obtained  by 
Peale  and  Goldman  near  the  coal  in  Popes 


••  Heer,  Oswirid,  Flora  tertiaria  Uelvetiae.  vol.  2,  p.  63,  pi.  81,  figs.  6-10, 
1856. 

••  Lesquereux,  Leo,  U.  8.  Geol.  and  Geog.  Survey  Terr.  Ann.  Rept. 
for  1873,  p.  203. 1874. 


THE  FLORA. 


139 


Bluff,  west  of  Pikeview,  Colo.,  in  sec.  14,  T. 
13  S.,  R.  67  W.  It  is  of  about  the  same  size 
as  the  largest  of  the  types  of  this  species 
figured  by  Lesquereux,^  but  it  is  more  obtuse 
at  the  apex  and  apparently  has  fewer  second- 
aries and  these  at  a  slightly  more  acute  angle. 
The  basal  portion  can  not  be  compared  with 
the  types.  Possibly  this  leaf  should  not  be 
referred  to  Ficus  denveriana,  though  it  un- 
doubtedly approaches  that  species  most  closely. 
Occurrence:  Laramie  formation,  Popes  Bluff, 
west  of  Pikeview,  Colo.  (sec.  14,  T.  13  S.,  R. 
67  W.),  collected  by  A.  C.  Peale  and  M.  I. 
Goldman,  1908.  Denver  formation  (types), 
Grolden,  Colo.  Raton  formation,  Raton  Mesa 
region  of  Colorado  and  New  Mexico. 

Flciu  croflflii  Ward. 

Plate  XI,  figure  2. 

Fieus  crotsii  Ward,  TJ.  S.  Geol.  Survey  Sixth  Ann.  Rept., 
p.  552,  pi.  44,  fig.  7,  1886;  U.  S.  Geol.  Survey  Bull. 
37,  p.  39,  pi.  21,  fig.  2,  1887. 

Fioju  unoata  Lesquereux.  Knowlton,  U.  S.  Geol.  Survey 
BuU.  152,  p.  105,  1898. 

The  type  specimen  of  this  species  (U.  S. 
Nat.  Mus.  No.  4106)  is  before  me.  Although 
it  is  described  by  Ward  as  being  ''preserved 
with  considerable  fidelity,"  a  careful  study  dis- 
closes the  fact  that  Ward's  figure  of  it  is  some- 
what in  error.  None  of  the  basal  portion  and 
indeed  very  little  of  the  margin  is  preserved. 
The  blade  alone  was  probably  over  8  centi- 
meters in  lengthy  and  it  may  have  been  longer. 
The  midrib  has  the  appearance  of  being  un- 
usually thick  for  a  leaf  of  this  size,  and  it  was 
lai^ely  on  this  account  that  I  was  at  one  time 
inclined  to  refer  this  leaf  to  Ficua  uncaiaf 
which  has  an  especially  strong  midrib. 

The  later  collections  from  Golden  included 
the  specimen  here  figured,  which  is  believed 
to  be  the  same  as  Ficus  crossii.  It  is  a  longer 
leaf  than  Ward's  figure  of  F.  crossii  would  im- 
ply, but  they  were  probably  really  of  the  same 
dimensions.  The  present  leaf,  which  is  also 
ovate-oblong  in  outline,  was  about  9  centi- 
meters long  and  nearly  6  centimeters  vnde. 
The  midrib  is  very  thick  below  but  becomes 
thinner  above.  There  are  10  or  11  pairs  of 
secondaries,  which  arise  at  an  angle  of  about 
70°  and  are  abruptly  camptodrome  near  the 
margin.    The  lower  secondary  has  a  few  very 


1  The  Tertiary  flora:  U.  8.  Geol.  Survey  Terr.  Kept.,  vol.  7,  pi.  33, 
flg.  5, 1878. 


short  camptodrome  branches  on  the  outside. 
The  nervilles  are  seen  to  be  numerous,  strong, 
and  oblique  to  the  secondaries,  as  in  F.  crossi. 
They  seem  best  removed  from  Ficus  uncata. 

These  leaves  suggest  Rhamnus  goldianus 
Lesquereux,'  but  they  are  more  wedge-shaped 
at  the  base  and,  moreover,  the  secondaries 
curve  near  the  margins  in  a  very  different 
manner. 

Occurrence:  Laramie  formation  (type), 
Oolden,  Colo.,  collected  by  Whitman  Cross, 
for  whom  it  is  named.  The  specimen  fig- 
ured was  collected  by  L.  F.  Ward  1}  miles 
southwest  of  Golden,  Colo. 

FieuB  cowanensis  Knowlton,  n.  sp. 

Plate  VIII,  figure  6;  Plate  IX,  figuree  2,  3. 

Ficui  cowanensii  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  273,  1919. 

Leaves  of  large  size  and  thick  texture; 
ovate-lanceolate,  or  perhaps  narrowly  obovate- 
lanceolate,  with  long,  wedge-shaped  base  and 
rather  obtuse  apex;  margin  perfectly  entire; 
midrib  extremely  thick,  especially  below; 
secondaries  few — about  six  or  seven  pairs — ^far 
apart,  relatively  very  thin,  at  an  angle  of 
approximately  30®  or  40**,  apparently  campto- 
drome; nervilles  numerous,  very  thin,  at 
nearly  right  angles  to  the  secondaries. 

This  species  is  represented  by  several  exam- 
ples, all  of  which  are  fragmentary  or  more  or 
less  distorted.  The  length,  so  far  as  can  be 
made  out,  is  about  15  centimeters  and  the 
width  7  or  8  centimeters.  The  secondaries 
are  exceptionally  slender  for  a  leaf  of  this 
size. 

Occurrence:  Laramie  formation.  Cowan  sta- 
tion, 10  miles  south  of  Denver,  Colo.,  collected 
by  F.  H.  Kjiowlton. 

FIcub  benyana  Knowlton,  n.  sp. 

Plate  XI,  figure  1. 

Ficua  berryana  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  272,  1919. 

Leaf  thin  in  texture,  broadly  ovate,  very 
abruptly  rounded  and  truncate  at  the  base, 
deltoid-acuminate  at  the  apex;  margin  entire; 
nervation  very  light,  triple-nerved  from  the 
base  of  the  blade;  midrib  straight,  with  about 
two   pairs   of  alternate,    apparently   campto- 

s  Loiqufireux,  Leo,  The  Tertiary  flora:  U.  S.  Qeol.  Surrey  Terr.  Rept., 
vol.  7,  pi.  53,  figB.  4-8, 1878. 
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drome  secondaries;  lateral  ribs  at  an  angle  of 
approximately  45^,  thin;  passing  up  about  half 
the  length  of  the  leaf;  finer  nervation  obsolete. 

The  single  example  figured  is.  all  that  was 
observed  of  this  species.  It  is  5.5  centimeters 
long  and  a  little  over  4.5  centimeters  wide.  It 
appears  to  be  closely  related  to  Fiats  ovaJtifolia 
Berry,*  from  the  Eutaw  formation  of  McBrides 
Ford,  Oa.  It  is,  however,  more  truncate  at 
the  base  and  more  ol^tuse  at  the  apex,  and  the 
lateral  ribs  do  not  ascend  as  high  as  in  the 
Eutaw  form. 

This  species  is  named  in  honor  of  Edward 
Wilber  Berry,  of  Johns  Hopkins  University. 

Occurrence:  Laramie  formation,  Marshall, 
Colo.,  railroad  cut  between  old  and  new  Sta- 
tions, collected  by  A.  C.  Peale,  1908. 

FfciiB  arenacea  Lesquereiix. 

Plate  X,  figures  2,  4;  Plate  XXI,  figure  6. 

Fieui  arenaoea  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Kept,  for  1871,  p.  300,  1872;  Tertiary 
flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  195, 
pi.  29,  figs.  1,  4,  6,  1878. 

Ficui  lanceolata  Heer.  Knowlton,  U.  S.  Geol.  Survey 
BuU.  152,  p.  102,  1898. 

The  early  history  of  this  species  is  the  same 
as  that  of  FiciLs  lanceolata  (now  F.  navicvlariSf 
q.  V.) — that  is,  it  is  a  part  of  the  collection  from 
an  unknown  locality,  the  original  labels, 
according  to  Lesquereux,  "having  been  lost  or 
forgotten."  The  matrix  is  a  hard,  shaly,  fine- 
grained whitish  sandstone,  and  although  it  was 
subsequently  supposed  to  have  come  from  the 
Green  River  formation  it  probably  came  from 
the  Laramie.  In  any  event,  the  two  frag- 
mentary leaves  from  the  Laramie  at  Marshall 
here  figured  are  not  to  be  distinguished  from 
figure  4  of  Plate  XXIX  of  Lesquereux's 
"Tertiary  flora,"  and  the  species  may  now 
take  definite  place  in  the  Laramie  flora. 

Occurrence:  Laramie  formation,  Marshall, 
Colo.,  collected  by  Arthur  Lakes,  1890. 

FicuB?  aptcnlatiis  Knowlton,  n.  sp. 

Plate  XI,  figure  6. 

Ficuat  apiculatus  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  270,  1919. 

Leaf  membranaceous,  ovate-lanceolate,  being 
abruptly  rounded  below  and  prolonged  above 
into  a  long,  slender  acuminate  apex;  margin 

»  Berry,  E.  W.,  U.  8.  0«oI.  Survey  Prof.  Paper  84,  pi.  19,  flgs.  5-7. 
1914. 


entire;  nervation  consisting  of  a  rather  strong 
midrib  and  four  or  five  pairs  of  thin,  remote 
secondaries,  which  curve  upward  and  follow 
the  maigin  for  a  considerable  distance;  finer 
nervation  very  obscure. 

This  leaf,  the  only  one  observed,  is  nearly 
perfect,  as  it  lacks  only  the  basal  portion.  It 
is  about  12  centimeters  long  and  3.5  centimeters 
wide  and  may  be  known  by  its  ovate-lanceolate 
outline  with  long,  slender  tip  and  the  few  curv- 
ing secondaries. 

This  species  has  the  same  shape  of  leaf  and 
type  of  nervation  as  Fictis  popvlina  Heer,* 
from  the  Swiss  Miocene,  but  it  differs  abso- 
lutely in  the  margin,  which  is  entire  in  the 
present  species  and  crenate  in  the  European 
form.  It  is  perhaps  doubtful  whether  this  leaf 
should  be  referred  to  Ficus. 

Occurrence:  Laramie  formation.  Cowan  sta- 
tion, south  of  Denver,  Colo.,  collected  by  F.  H. 
Knowlton,  1908. 

Order  AEISTOLOGHIALXS. 
FamUy  ABISTOLOGHIACXAS. 

Aristolochia  brittonl  Knowhon,  n.  q^. 

Plate  XXIII,  figurea  a-6. 

Arislolockia  briUoni  Knowlton  [nomen  nudum],  U.  8. 
Geol.  Survey  BuU.  696,  p.  96,  1919. 

Leaves  of  medium  size,  broadly  renifonn, 
with  rounded  lobes,  a  deep  rounded  sinus, 
entire  margin,  and  abruptly  acuminate  or 
obtuse  apex;  petiole  very  tiiick;  nervation  pal- 
mately  tiiree-ribbed  from  the  very  base  of  the 
blade;  midrib  thick,  especially  below,  becoming 
flexuose  in  the  upper  portion,  three  or  four 
pairs  of  alternate  secondaries  above  the  middle, 
arising  at  an  angle  of  approximately  35^,  fork- 
ing well  below  the  margin,  and  each  joining 
the  one  next  above  by  a  broad  loop  and  with 
one  or  two  series  of  loops  outside;  lateral  ribs 
strong,  arising  at  an  angle  of  about  45^,  passing 
upward,  and  joining  the  lowest  secondary  on 
the  midrib  by  a  broad  loop,  each  with  about 
four  secondary  branches  on  the  outside,  which 
arch  and  join  similarly  to  the  upper  secondaries; 
the  lowest  pair  of  secondaries  with  about  four 
tertiary  anastomosing  branches  on  the  lower 
side,  supplying  the  rounded  lobes  of  the  blade ; 
nervilles  strong,  percurrent,  forming  lai^e  rec- 
tangular areas;  ultimate  nervation  not  pre- 
served. 


« Flora  tertiaria  Helyetiae,  vol.  2,  pL  86,  figs.  4,  A,  1860. 
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This  fine  species,  which  appeal's  to  be  quite 
unlike  anything  before  reported  from  the 
Laramie,  is  represented  by  the  nearly  perfect 
example  figured  and  by  another,  much  poorer 
specimen  which  has  little  but  the  margin  pre- 
served. The  form  is  broadly  reniform,  entire 
leaf  about  6.5  centimeters  wide  and  about  5.5 
centimeters  long,  exclusive  of  the  petiole,  which 
is  17  millimeters  along  and  2  millimeters  in 
diameter.  The  leaf  is  characterized  by  the 
three  strong  palmate  ribs,  the  central  with 
three  or  four  camptodrome  secondaries,  and  the 
lateral  with  an  equal  number  of  tertiary 
branches,  all  the  ultimate  branches  of  second- 
aries and  tertiaries  anastomosing,  and  with  one 
or  two  series  of  broad  loops  outside. 

After  a  somewhat  careful  comparison  of  this 
species  with  both  living  and  fossil  leaves  re- 
ferred to  the  genus  AristolocTiiay  there  can  be 
little  doubt  as  to  the  correctness  of  this  deter- 
mination. Among  the  living  species,  for  ex- 
ample, it  has  very  much  the  same  shape  as 
A,  clematis  Linu6  and  A,  hirta  Linn6,  both  of 
the  Old  World,  and  in  both  form  and  nervation 
it  approaches  the  American  A.  iomentosa  Sims. 

Among  the  fossil  species  described,  the  one 
under  discussion  somewhat  resembles  A.  aes- 
culapi  Heer,*  but  is  a  little  larger.  It  is  also 
considerably  like  A.  cordifolia  Newberry,* 
from  the  Fort  Union  formation  of  Montana, 
which  differs  in  being  longer  than  broad  and 
in  having  five  ribs  springing  from  the  top  of 
the  petiole. 

Among  the  specimens  from  Marshall's  mine 
is  a  fragment  of  the  upper  portion  of  a  leaf 
that  is  referred  with  some  hesitation  to  this 
species.  It  was  ^  somewhat  larger  leaf,  with 
a  slightly  more  obtuse  apex  and  a  relatively 
thicker  midrib.  It  bears  about  four  pairs  of 
alternate  or  subopposite,  remote  secondaries, 
which  arch  by  a  broad  curve  far  within  the 
margin  and  are  provided  with  two  or  three 
distinct  series  of  large  loops  outside.  There 
are  also  intermediate  secondaries  which  anasto- 
mose with  the  main  secondaries  by  irregular 
rectangular  areas.  This  is  certainly  a  leaf  of 
the  same  typo  as  that  first  described  and  hardly 
differs  except  as  regards  the  intermediate  sec- 

*  Heer,  Oswald,  Flora  tertiaria  Helvetiae,  vol.  2,  p.  104,  pi.  C.  fig.  11, 
1SS6. 
«  Newberry,  J.  S.,  U.  8.  Geol.  Survey  Mon.  35,  pi.  40,  fig.  7,  1898. 


ondaries  and  the  more  irregular  nervilles.  It 
may  be  a  different  but  closely  related  species, 
but  it  seems  best,  in  the  light  of  our  present 
knowledge,  to  regard  them  as  identical; 

This  species  is  named  in  honor  of  Dr.  N.  L. 
Britton,  director  of  the  New  York  Botanical 
Garden,  by  whom  the  specimens  were  collected. 

Occurrence:  Laramie  formation.  Coal  Creek 
and  Marshall's  mine,  Boulder  County,  Colo., 
collected  by  N.  L.  Britton  about  1880. 

Order  SANALES. 
FamUy  NTMPHAXACEAS. 

Nelambo  tenuifoUa  (Lesquereax)  Knowlton. 

PUte  XXVI,  figure  7. 

Nelumho  tenuifolia  (Lesquereux)  Knowlton,  U.  S.  Geol. 
Survey  Bull.  696,  p.  407, 1919. 

Nelumbium  tenui/olxum  Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1873,  pp.  382, 
402,  1874;  idem  for  1876,  p.  514,  1878;  Tertiary 
flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p. 
253,  pi.  46,  fig.  3.  1878. 

The  type  specimen  of  this  species  is  pre- 
served in  the  United  States  National  Museum 
(No.  372,  by  error  in  the  catalogue,  472).  It 
is  very  indistinct,  and  the  figure  of  it  in  the 
*' Tertiary  flora  ^'  is  far  from  accurate.  The 
only  part  of  the  true  margin  preserved  is  a 
fragment  hardly  3  centimeters  in  extent  shown 
in  the  upper  left-hand  portion  of  the  figure. 
A  careful  examination  of  the  specimen  fails  to 
show  the  margin  in  the  lower  portion,  as  given 
in  the  figure.  This  proves  that  the  leaf  was 
larger  than  appears  from  the  drawing.  It  has 
thin  ribs,  as  described  by  Lesquereux,  and  the 
whole  leaf  appears  to  have  been  of  thin  texture. 
In  the  original  description  Lesquereux  states 
that  the  leaf  is  ''exactly  round,  peltate  from 
the  middle,  and  8  or  9  centimeters  in  diameter.'' 
As  noted  above,  the  type  specimen  is  larger 
than  the  description  calls  for,  being  fully  10 
centimeters  in  diameter.  The  ribs  are  13  in 
number,  but  this  feature  is  of  little  or  no 
specific  significance. 

This  species  '  is  most  closely  related  to 
Nelumho  lakesiana  (Lesquereux)  Knowlton,' 
a  well-known  Denver  species,  from  which  it 
differs  in  its  obviously  thin  texture,  thin  ribs, 
and  smooth  surface. 


'  Lesquereux,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7.  p.  252,  pi.  46,  figs.  1,  2, 1878. 
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In  the  collection  from  Erie,  Colo.,  there  is  a  ] 
single  example  (here  figured)  which  appears  to 
belong  with  N.  tenufolia.  It  is  folded  around 
on  both  sides  of  a  thin  piece  of  matrix  and 
appears  to  have  been  a  thin,  delicate  leaf.  Its 
diameter  is  about  10  centimeters;  it  has  the 
same  number  of  ribs  as  the  type  specimen. 
The  margin  is  gently  undulate,  and  the  ribs 
are  forked  or  branched  some  distance  below 
the  margin.    The  finer  nervation  is  obscure. 

Occurrence:  Laramie  formation,  Erie,  Colo., 
collected  by  N.  L.  Britton  about  1885.  Den- 
ver formation.  Sand  Creek,  15  miles  east  of 
Denver,  Colo.,  collected  by  A.  Gardner. 

Family  MAQNOLIACEAE. 
Magnolia  marahalli  Knowlton,  n.  sp. 

Plate  XXI,  figure  10. 

Magnolia  marshaliti   Knowlton  [nomen   nudum],  U.   S. 
Geol.  Survey  Bull.  696,  p.  374,  1919. 

Leaf  oblong-lanceolate,  with  an  obtuse  apex 
and  an  obtusely  wedge-shaped  base;  midrib 
straight,  thick;  secondaries  about  15  pairs, 
alternate  or  a  few  subopposite,  emerging  at  an 
angle  of  40**  or  45®,  rimning  with  a  slight  up- 
ward curve  to  a  point  within  one-fifth  of  their 
length  from  the  margin,  where  each  arches 
around  and  joins  the  one  next  above  by  an  even, 
regular  loop,  from  the  outside  of  which  smaller 
tertiaries  are  sent  toward  the  margin;  nervilles 
strong,  percurrent,  at  right  angles  to  the  sec- 
ondaries; finer  nervation  obsolete. 

This  fine  leaf  is  10.5  centimeters  long  and 
3.5  centimeters  wide  at  the  broadest  point, 
which  is  perhaps  a  little  above  the  middle  of 
the  leaf.  From  the  broadest  point  it  tapers 
gradually  to  a  rather  obtuse  apex  and  in  about 
the  same  manner  to  the  base.  The  petiole  is 
not  preserved.  The  midrib  is  very  thick  and 
prominent. 

This  leaf  is  referred  to  Magnolia  with  little 
hesitation.  In  outline  it  is  very  similar  to  a 
number  of  living  species,  as,  for  example,  some 
of  the  cultivated  forms  of  M.  grandijlora 
Xiinn^,  yoimg  leaves  of  M.  umbreUa  Linn6,  and 
particularly  M.  pealii  King,  a  large  tree  found 
in  Upper  Assam,  India.  Its  relation  with  M. 
pealii  is  very  close,  indeed,  for  it  has  the  exact 
outline — except  the  taper-pointed  apex — and 
much  the  same  nervation.  In  nervation  M. 
marshaUi  has  clearly  the  characters  of  Mag- 
nolia.  as  shown  by  the  figure. 


Among  fossil  species  of  the  Laramie  and 
post-Laramie  formations  the  present  species 
approaches  most  closely  M.  attenuata  Lesque- 
reux,'  differing  by  being  much  smaller  and 
narrower.  It  also  somewhat  resembles  Jf. 
dayana  (Lesquereux)  Cockerell,  from  the  au- 
riferous gravels  of  California,*  from  which  it 
differs  in  being  only  half  the  size  and  relatively 
broader  and  less  wedge-shaped  at  base. 

Occurrence:  Laramie  formation,  Marshall's 
mine,  Boulder  County,  Colo.,  collected  by 
Arthur  Lakes,  1890. 

Magnolia  lakeaii  Knowlton,  n.  sp. 

Plate  XIII,  figure  2. 

Magnolia  lakesii  Knowlton  [nomen  nudum],  XT.  S.  Geol. 

Survey  Bull.  696,  p.  373,  1919. 

i 

Leaf  of  firm  texture,  broadly  elliptical^ 
almost  oyal,  abruptly  roimded  in  about  the 
same  degree  to  base  and  apex;  margin  per- 
fectly entire;  midrib  strong  below,  becoming 
much  thinner  above,  straight;  secondaries  four 
or  five  pairs,  very  thin,  opposite  or  suboppo- 
site, at  a  very  low  angle,  much  curved  upward, 
each  joining  the  one  next  above  and  far  inside 
the  margin  by  a  broad  loop;  nerviUes  few, 
mostly  unbroken,  oblique  to  the  secondaries; 
finer  nervation  obsolete. 

The  leaf  figured,  which  is  one  of  several  of  its 
form,wasabout  7centimeters  long  and  5.5centi- 
meters  wide.  It  is  nearly  elliptical,  with  an 
abruptly  rounded  and  truncate  base.  It  is 
well  marked  by  the  thick  midrib  and  few,  thin 
secondaries  arising  at  a  very  low  angle  and 
joining  the  ones  above  far  from  the  margin  of 
the  blade. 

Among  the  living  American  species  of  the 
genus  Magnolia  the  leaf  under  consideration 
seems  to  be  most  closely  related  to  Magnolia 
acuminata  Linn6,  or  more  especially  its  variety 
cordata,  which  has  been  somewhat  modified, 
apparently  by  long  cultivation.  The  fossil  leaf 
differs  in  being  more  nearly  elliptical  and  in 
having  fewer  secondaries,  but  its  general 
appearance  is  much  like  that  of  the  species 
mentioned. 

This  species  has  some  resemblance  to  what 
was  called  Ficua  haguei  Knowlton,"  from  the 

•  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  250,  pi. 
46,  fig.  6, 1878. 

•  Harvard  Coll.  Ifus.  Comp.  Zoology  Mem.,  vol.  6,  pi.  6,  fig.  4, 1878. 

u  Knowlton,  F.  H.,  Fossil  flora  of  the  Yellowstone  National  Park: 
U.  S.Oeol.  Survey  lion.  32,  pt.  2.  pi.  90,  fig.  3, 1809. 
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Miocene  of  the  Yellowstone  National  Park,  but 
it  difiFers  slightly  in  shape  and  more  markedly  in 
nervation.  It  is  rather  doubtful  if  F.  Tiaguei 
was  correctly  referred  to  the  genus  Ficus. 

Occurrence:  Laramie  formation,  Marshall, 
Boulder  County,  Colo.,  collected  by  Arthur 
Lakes,  1890. 

Fftinlly  AKONACBAS. 
Anona  colcmideiisis  Knowlton*  n.  sp. 


Plate  XVIII,  figure  4. 

Anona  coloradensis   Rnowlton  [nomen   nudum],   U. 
Geol.  Survey  Bull.  696,  p.*  78,  1919. 


S. 


Leaves  evidently  thin  and  membranaceous, 
narrowly  ovate-lanceolate,  very  obtusely  wedge- 
shaped  at  the  base,  long  acuminate  at  the  apex; 
mai^in  perfectly  entire;  midrib  strong,  straight; 
secondaries  about  seven  pairs,  alternate,  thin, 
at  an  angle  of  about  50^,  much  curved  upward 
just  along  the  borders;  finer  nervation  obsolete. 

The  specimen  figured  is  about  8  centimeters 
long  and  2.75  centimeters  wide  and  is  perfect 
except  for  small  areas  at  the  extreme  base  and 
apex. 

This  species  appears  to  be  closely  related  to 
Anona  paltneri  Safford,^^  a  recently  described 
living  species  from  the  vicinity  of  Acapulco, 
Mexico,  being  especially  like  the  larger  upper- 
most leaves  of  that  form.  They  are  of  the  same 
size  and  shape  and  have  the  same  character  of 
nervation,  about  the  only  apparent  difference 
being  the  fewer  secondaries  in  A.  coloradensis. 

Three  species  of  Anona  from  this  country 
have  thus  far  been  described — A.  cretacea 
Lesquereux,^'  from  the  Dakota  sandstone; 
A.  rohuata  Lesquereux,***  from  the  Laramie  at 
Golden,  Colo.;  and  A.  apoliata  Cockerell," 
from  the  Miocene  at  Florissant,  Colo.  The 
Dakota  species  has  never  been  figured.  The 
original  figure  of  A.  robusta,  the  Laramie 
species,  is  reproduced  in  Plate  XVII,  figure  7. 
The  Florissant  species  is  smaller  and  very 
different  in  shape,  being  similar  to  the  living 
A.  glabra  Linn6,  of  Florida.  The  present 
species,  if  referable  to  this  genus,  belongs  to 
quite  another  section  than  those  above  men- 
tioned. 

u  Saflonl,  W.  E.,  Contr.  U.  S.  Nat.  Hwb.,  vol.  18,  pi.  24, 1914. 

u  Lesqueraax,  Leo,  Tbe  Cretaoeoiu  and  Tertiary  floras:  U.  8.  Geol. 
Sunrey  Terr.  Kept.,  vol.  8,  p.  77, 1883. 

u*  Mem,  p.  134,  pi.  30,  flg.  4. 

u  CockereU,  T.  D.  A.,  Descriptions  of  Tertiary  plants,  II:  Am.  Jour. 
Sd.,  4th  aer.,  vol.  36,  p^543,  flg.  7, 1908. 


Occurrence:  Laramie  formation,  Cowan  sta- 
tion, 10  miles  south  of  Denver,  Colo.,  collected 
by  F.  H.  Knowlton. 

Anona  robvsta  Lesquerenx. 

Plate  XVII,  figure  7. 

Anona  robiuta  Lesquereu]^,  Cretaceous  and  Tertiary 
floras:  U.  S.  Geol.  Survey  Terr.  Rept..,  -vol.  8, 
p.  124,  pi.  20,  fig.  4,  1883. 

Leaf  large,  about  13  centimeters  long,  6 
centimeters  broad  below  the  middle,  coriaceous, 
ovate-lanceolate,  gradually  narrowed  to  the 
pointed  apex,  abruptly  rounded  and  truncate 
at  the  base,  margin  shghtly  undulate;  median 
nerve  very  thick,  especially  below,  straight; 
secondaries  12  or  13  pairs,  strong,  mainly 
alternate,  close,  parallel,  very  open  or  nearly 
at  light  angles  toward  the  base,  then  gradually 
at  a  more  acute  angle,  slightly  curved  upward, 
camptodrome;  nervilles  prominent,  oblique 
to  the  secondaries,  simple  and  continuous  or 
'anastomosing  in  the  middle. 

The  type  and  so  far  as  known  the  only 
specimen  of  this  fine  species  is  in  the  collection 
of  the  Museum  of  Princeton  University  (No. 
La.  74).  It  is  preserved  on  the  coarse  white 
sandstone  characteristic  of  the  true  Laramie 
in  the  vicinity  of  Golden,  Oolo.  There  is 
nothing  to  add  to  the  description  and  well- 
executed  figure  given  by  Lesquereux. 

Occurrence:  Laramie  formation,  Golden, 
Colo.,  first  sandstone  hogback  west  of  Tarr 
HaU. 

TamUy  IiAXTBACXAS. 
Laoms  lanceolata  Knowlton,  n.  sp. 

Plate  XXI,  figure  7. 

Laurui    lanceolata    Knowlton    [nomen    nudiun],   U.   S. 
Geol.  Survey  Bull.  696,  p.  346, 1919. 

Leaf  coriaceous,  narrowly  lanceolate  or 
possibly  oblanceolate,  long  and  narrowly* 
wedge-shaped  at  the  base,  somewhat  im- 
equal  sided  (apex  destroyed);  n\idrib  rela- 
tively strong,  especially  below,  perfectly 
straight;  secondaries  few  (only  four  pau^ 
showing  in  the  specimen),  opposite  or  sub- 
opposite,  at  an  acute  angle,  passmg  up  for 
long  distances  and  but  slightly  curved,  dis- 
appearing just  at  the  margin;  nervilles  few 
and  obscure,  apparently  unbroken  and  at 
right  angles  to  the  secondaries. 

This  species  is  represented  by  the  single 
example  figured,  which  unfortimately  lacks  the 
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upper  portion  for  an  unknown  length.  The 
absence  of  the  apical  portion  makes  it  impossi* 
ble  to  determine  the  shape  satisfactorily;  it 
appears  to  be  simply  narrowly  lanceolate, 
though  it  may  be  larger  above,  which  would 
make  it  oblanceolate.  The  portion  preserved 
is  a  little  over  7  centimeters  in  length  and  a 
little  under  1.5  centimeters  in  greatest  width. 

This  species  is  quite  distinct  from  anything 
previously  noted  in  the  Laramie  and  appears 
to  find  its  closest  relative  in  Lauras  oregoniana 
Knowlton/^  from  the  Mascall  formation 
(Miocene)  of  the  John  Day  Valley,  Oreg.  That 
species  is  very  much  larger  than  the  leaf  xmder 
discussion,  being  some  18  centimeters  in  length 
and  3.5  or  4.5  centimeters  wide,  but  it  has  the 
same  shape  and  general  appearance.  It  differs 
slightly,  however,  in  having  the  secondaries 
markedly  alternate  and  the  nervilles  much 
broken. 

Occurrence:  L^amie  formation,  Coal  Creek, 
Boulder  County,  Colo.,  mine  on  road  near 
McNamara's,  collected  by  Arthur  Lakes,  June, 
1890, 

Lannui  lakesii  Knowlton*  n.  sp. 

Plate  XXII,  figure  6. 

Laurus  latent  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  346,  1919. 

Leaf  of  firm  texture,  lanceolate;  about  equally 
narrowed  to  both  base  and  apex;  midrib 
slender,  straight;  secondaries  about  six  or 
seven  pairs,  alternate,  at  a  low  angle,  campto- 
drome,  arching  close  to  the  border;  finer  ner- 
vation forming  quadrangular  areolae. 

This  little  leaf  is  about  6  centimeters  long 
and  1.2  centimeters  wide.  The  nervation  is 
not  very  well  preserved. 

This  species  is  of  the  same  type  as  and  pretty 
closely  related  to  what  Lesquereux  **  described 
and  figured  under  the  name  Laurus  primigenia 
Unger,  mainly  from  Evanston,  Wyo.,  but  it 
is  rather  smaller  and  has  fewer  secondaries  at 
a  more  acute  angle  of  divergence. 

Lesquereux  mentions  specimens  from  Black 
Buttes,  Wyo.,  and  Spring  Canyon,  Mont., 
which  he  at  first  considered  identical  with 
those  subsequently  described  under  the  name 
Laurus  primigenia  Unger,  but  they  were  so 
fragmentary  that  he  hesitated  to  place  them 

>«  V.  S.  Geol.  Surrey  Bull.  204,  p.  58,  pi.  9,  flga.  2,  3. 1902. 
u  Lesquereux,  Leo,  The  Tertiary  flora:    U.  S.  Geol.  Survey  Terr. 
Bept.,  voL  7,  p.  214,  pi.  36,  figs.  6,  6,  8,  1878. 


together.     It  is  possible  that  they  may  prove 

to  be  the  same  as  the  leaf  here  described. 
The  leaf  described  above  as  Laurus  lanceolata 

is  of  about  the  same  size  and  shape  as  the 

present  one  but  differs  markedly  in  its  primary 

nervation- 
Occurrence:  Laramie  formation.  Coal  Creek, 

Boulder  County,   Colo.,   collected  by  Arthur 

Lakes,  1890. 

LaoruB  wardiana  Knowlton. 

Plate  XVI,  figure  1  (type). 

Laurus  wardiana  Knowlton,  U.  S.  Geol.  Survey  Bull.  152, 
p.  129,  1898. 

Laurus  ocoteoides  Lesquereux,  Tertiary  flora:  U.  S.  Geol. 
Survey  Terr.  Rept.,  vol.  7,  p.  215,  pi.  36,  fig.  10, 
1878;  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann. 
Rept.  for  1876,  p.  510, 1878.  (I^esquereux's  original 
figure  of  the  type  is  here  reproduced.]  [Homonym, 
Laurus  ocoteaeoides  Massalongo,  Synopsis  florae 
fofisilis  senogalliensifi,  p.  57,  pi.  24,  fig.  3;  pi.  40, 
fig.  1,  1858.] 

The  type  of  this  fine  species  is  preserved  in 
the  United  States  National  Museum  (No.  905) 
and  is  the  only  specimen  ever  obtained  from 
the  Laramie.  It  comes  from  the  hard  white 
sandstone  at  Golden,  Colo.,  and  therefore  be- 
longs in  the  Laramie. 

Occurrence:  Laramie  formation,  Golden, 
Colo.  iDawson  arkose,  near  Mosby,  Colo.,  30 
feet  above  the  coal. 

Malapoenna  lonisyillensis  Knowlton,  n.  sp. 

Plate  VII,  figure  5. 

Malapoenna    louisvUlensis    Knowlton    [nomen    nudum], 
U.  S.  Geol.  Survey  Bull.  696,  p.  379,  1919. 

Leaf  of  medium  size,  narrowly  ovate-lan- 
ceolate, apparently  wedge-shaped  at  the  base, 
narrowly  acuminate  at  the  apex;  margin 
perfectly  entire;  midrib  strong,  straight;  secon- 
daries about  three  pairs,  opposite  or  subop- 
posite,  at  an  angle  of  nearly  80°,  the  lower  pair 
ascending  far  above  the  middle  of  the  blade, 
with  few  outside  branches,  camptodrome; 
nervilles  numerous,  mainly  broken  or  irregular; 
finer  nervation  forming  a  complete  irregular 
network. 

This  species  is  represented  by  two  fragmen- 
tary specimens,  of  which  the  larger  and  better 
is  figured.  As  this  specimen  lacks  both  base 
and  apex  it  is  impossible  to  ascertain  the  length, 
though  it  must  have  been  about  8  centimeters; 
the  width  is  a  little  less  than  3  centimeters. 
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The  smaller  leaf  could  hardly  have  been  over 
6  centimeters  in  length. 

In  shape  and  size  this  species  is  near 
Malapoenna  cuneata  Blnowlton,**  from  the 
Yellowstone  National  Park,  but  it  diflFers 
essentially  in  the  fewer,  more  acute-angled 
secondaries. 

Occurrence:  Laramie  formation,  dump  of 
Rex  mine  No.  1,  Louisville,  Colo.,  collected  by 
A.  C.  Peale,  1908. 

dnBamomani  afllne  Lesqnereax. 

Plate  VIII,  figure  4;  Plate  XVII,  figure  6. 

Cinnamomum  affine  Lesquereux,  Am.  Jour.  Sci.,  2d  ear., 
vol.  45,  p.  206,  1868;  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1869  [reprint,  1873],  p.  169; 
idem  for  1872,  p.  383,  1873;  idem  for  1873,  p.  401, 
1874;  Tl^rtiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7,  p.  219,  pi.  37,  fig.s.  1^,  7  [not  fig.  5,  which  = 
Ficu^  trinervis  Knowlton]. 
Knowlton,  U.  S.  Geol.  Survey  Bull.  163,  p.  59,  pi.  14, 

fig.  2,  1900. 
Cockerell,  Torreya,  vol  9,  p.  142,  1909. 

For  many  years  there  has  been  much  con- 
fusion concerning  this  species,  but  it  is  believed 
that  there  are  now  sufficient  data  at  hand  to 
clear  up  most  of  this  uncertainty.  Cinna- 
momum affine  was  named  by  Lesquereux*'  in 
1868  and  based  on  material  from  ' 'Marshall's 
mine,  near  Denver/'  Colo.,  but  it  was  neither 
described  nor  figured  at  that  time.  It  was 
next  mentioned  the  following  year,  when 
Hayden  reproduced  Lesquereux's  article  with- 
out change  in  his  Third  Annual  Report  of  -the 
United  States  Geological  Survey  of  the  Terri- 
tories.*' It  was  briefly  alluded  to  but  not 
described  by  Lesquereux**  in  discussing  material 
from  Marshall  collected  by  himself  in  1872. 
He  was  then  undecided  as  to  whether  it  was 
really  distinct  from  his  Cinnamomum  mis- 
^issippiensej  from  what  is  now  known  as  the 
Wilcox  group  of  the  Gulf  region.  The  follow- 
ing year  Lesquereux'®  wrote  of  it  as  follows : 

From  the  comparison  of  a  large  number  of  Bpecimens 
representing  various  forms  of  this  species,  it  proves  to  be, 
as  I  had  supposed,  a  mere  variety  of  C.  mississippiense. 
The  species  is  common  at  Golden  and  found  in  the  whole 
thickness  of  the  North  American  lignitic  measures. 

Cinnamjomum  a  fine  was  first  figured  and 
properly   described   in   the   ''Tertiary   flora," 

.  *•  U.  S.  Qeol.  Survey  Mon.  32,  pt.  2,  p.  726,  pi.  02,  figs.  2-4,  1899. 
I'  Am.  Jour.  Scl.,  2d  ser.,  vol.  45,  p.  208,  1868. 
u  Reprint,  1873,  p.  196. 

t>  U.  S.  Oeol.  and  Geog.  Survey  Terr.  Sixth  Ann.  Rept.,  p.'383, 1873. 
»  U.  S.  Oeol.  and  Geog.  Survey  Terr.  Ann.  Rept.  for  1873,  p.  401. 1874. 


published  in  1878,  or  10  years  after  it  had  been 
named.     In  discussing  it  LfCsquereux  says: 

I  have  been  for  a  long  time  undecided  in  regard  to  the 
possible  identity  of  this  northern  species  with  the  beauti- 
ful C  mississippiense  Lesquereux,  communicated  by  Prof. 
E.  W.  Hilgard.  From  the  larger  size  of  the  Mississippi 
leaf,  more  enlarged  below  the  middle,  its  more  rugose 
nervation,  and  the  greater  distance  of  the  lateral  nerves 
from  the  borders,  I  came  to  the  conclusion  that  the  leaves 
from  Golden  did  represent  a  new  species,  or  at  least  a 
diminutive  variety  of  C.  mississippiense. 

In  any  event  it  was  kept  distinct  from  the 
Gulf  species,  and  subsequent  study  of  larger 
and  better  collections  has  confirmed  this  view. 

Lesquereux  expressed  some  doubt  as  to 
whether  the  specimen  illustrated  in  figure  7  of 
Plate  XXXVII  in  the  '^Tertiary  flora''  was 
conspecific  with  the  others  but  added  that  as 
it  was  ''found  upon  the  same  piece  of  shaly 
hard  sandstone  as  the  leaves  of  figures  1-3/' 
it  could  not  be  separated  from  them.  He 
further  stated  that  the  leaf  depicted  in  his  figure 
4  was  the  specimen  first  obtained  from 
Marshall's  mine,  Colo.,  and  this  is  undoubtedly 
the  type  of  the  species.  Unfortunately,  neither 
this  specimen  nor  the  originals  of  Lesquereux's 
figures  1-3  can  now  be  found  in  the  United 
States  National  Museum,  where  they  should 
be,  and  their  location  is  unknown.  However, 
the  originals  of  figures  5  and  7  of  Plate  XXXVII 
of  the  ''Tertiary  flora"  are  in  the  Museum  (No. 
312)  and  came  from  Golden,  Colo.  They  are 
preserved  in  hard  whitish  sandstone  and  hence 
are  referable  to  the  Laramie.  So  far  as  known 
this  species  has  not  subsequently  been  found 
at  Golden. 

Although  a  considerable  collection  from 
Marshall,  the  type  locality,  has  been  studied  in 
the  present  connection,  no  examples  of  (7m- 
namomum  affine  were  found,  but  Cockerell  '* 
reports  finding  it  there  in  connection  with  what 
he  has  identified  as  Juglans  leconteana.  He 
states  that  it  comes  from  a  relatively  high  level. 

The  leaf  shown  in  Plate  VIII,  figure  4,  came 
from  Cowan  station,  about  10  miles  south  of 
Denver,  Colo. ;  it  is  indistinguishable  from  fig- 
ures 1,  3,  and  4  of  Plate  XXXVII  of  the 
"Tertiary  flora." 

In  this  connection  it  may  be  well' to  correct 
a  number  of  erroneous  references  that  have  long 
been  current  regarding  Cinnamomum  affine. 
Thus,  it  was  said  to  be  very  conunon  in  the 

n  Cockerell,  T.  D.  A.,  Torreya,  vol.  9,  p.  142, 1909. 
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Canon  City  field,  but  here  it  was  confused  with 
what  has  been  described  as  Fi4m8  praetrinervis 
Knowlton,**  an  exceedingly  abundant  form  in 
the  Vermejo  formation.  Lesquereux  also  stated 
that  he  had  specimens  of  it  from  the  Raton 
region  of  Colorado,  but  so  far  as  now  known  it 
is  not  present  there,  the  leaves  mistaken  for  it 
being  the  larger  C.  inississippiense,  which  is 
confined  to  the  Raton  formation.** 

The  specimens  from  beds  of  post-Laramie 
age  at  Carbon,  Wyo.,  are  probably  to  be  re- 
ferred to  PopuLus  sp.  undet.,  and  the  specimens 
obtained  by  Ward  "  at  Black  Buttes,  Wyo., 
have  been  referred  to  Ficus  trinervia  Knowl- 
ton,'*  a  species  now  known  to  be  of  wide  dis- 
tribution. 

The  final  conclusion  is  reached  that  in  no 
authenticuted  instance  has  Cinnamomum  affine 
been  found  at  a  horizon  younger  than  the  true 
Laramie. 

* 

Occurrence:  Laramie  formation,  Marshall, 
Colo,  (types);  Marshall,  Colo.,  half  a  mile 
south  of  railway  station,  collected  by  F.  H. 
Knowlton,  1908;  Rex  mine,  Louisville,  Colo., 
collected  by  A.  C.  Peale,  1908;  Leyden  Gulch, 
6i  miles  west  of  Golden,  Colo.,  collected  by 
A.  C.  Peale,  1908;  Cowan  station,  10  miles 
south  of  Denver,  Colo.,  collected  by  F.  H. 
Knowlton. 

Cinnamomiim  larnniense  Knowlton,  n.  sp. 

Plate  XXII,  figure  3. 

Cinnamomum  laramiense  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  170,  1919. 

Leaf  apparently  rather  thin  in  texture,  very 
narrowly  obovate-lanceolate,  being  broadest  at 
a  point  somewhat  above  the  middle,  from 
which  it  tapers  or  rounds  rather  abruptly  to  a 
rounded  apex  and  narrows  downward  to  a 
wedge-shaped  base;  triple-nerved,  the  midrib 
slender,  straight;  lateral  nerves  or  ribs  of  same 
size  as  midrib,  opposite,  arising  high  above  the 
base  and  lomning  nearly  to  the  apex  of  the 
leaf,  with  very  few  branches  on  the  outside; 
upper  secondaries  apparently  onlj"  one  pair,  less 
than  one-fourth  the  length  of  the  blade  from 
the  apex,  running  to  or  near  the  margin. 

»  U.  S.  Geol.  Survey  Prof.  Paper  101,  p.  283,  pi.  41,  figs.  1-4;  pi.  42.  fig, 
1, 1918. 

» Idem,  p.  320,  pi.  80,  fig.  2. 

»4  U.  S.  Geol.  Survey  Sixth  Ann.  Rept.,  p.  558, 1886;  U.  S.  Geol.  Survey 
Bull.  37,  p.  43,1887. 
s^  U.  S.  Geol.  Survey  Bull.  163,  p.  42, 1900. 


This  leaf,  of  which  only  a  single  one  seems  to 
have  been  found,  is  about  9  centimeters  long 
and  a  little  less  than  3  centimeters  wide. 

It  is  perhaps  unwise  to  attempt  the  charac- 
terization of  a  species  of  Cinnamomum  on  a 
single  specimen,  but  the  one  in  hand  seems  to 
differ  from  others  sufficiently  to  be  worthy  of 
independent  rank,  at  least  until  further  material 
can  be  obtained. 

Among  living  species  it  is  perhaps  nearest 
to  C.  cassia  Blume,  except  that  it  is  relatively 
rather  narrower  below.  Among  fossil  forms  it 
approaches  a  numl>er  of  species,  especially 
C.  lanceolatum  as  usually  depicted  from  Euro- 
pean sources.'  From  that  species,  however,  it 
appears  to  differ  in  having  a  more  obtuse  apex 
and  only  two  pairs  of  secondaries  on  the  midiib. 

Occurrence:  Laramie  formation,  Morrison, 
Colo.,  white  sandstone  near  coal  seam,  collected 
by  Arthur  Lakes,  1S90;  Cowan  station,  10  miles 
south  of  Denver,  Colo.,  collected  by  F.  H. 
Knowlton,  1908. 

Order  BOSALXS. 
FamUy  PLATANACEAX. 
PUtanus  platanoides  (Lesqaereox)  Knowlton? 

Plate  XIII,  fi^re  1. 

Plalanus  platanoides  (Lesquereux)  Knowlton,  U.  S.  Geol. 
Survey  Bull.  152,  p.  171,  1899. 

Viburnum  platanoidea  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1874,  p.  314, 1876;  Ter- 
tiary flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7, 
p.  224,  pi.  38,  figs.  8,  9, 1878. 

One  of  the  original  types  of  this  species, 
illustrated  in  the  ''Tertiary  flora,"  Plate 
XXXVIII,  figiu'e  8,  is  preserved  in  the  United 
States  National  Museum  collection  (No.  327). 
It  came,  according  to  Lesquereux,  from  Black 
Buttes,  Wyo.  As  indicated  above,  it  was  de- 
scribed under  the  name  Viburnum  platanoides 
and  was  regarded  as  being  rather  closely  re- 
lated to  Viburnum  marginatum  (now  Platanus 
marfjinata),  from  which  it  differs  in  having 
"less  numerous,  more  open,  lateral  veins, 
whose  branches  are  more  curved  in  passing  up 
to  the  borders,  and  especially  by  the  enlarged 
truncate  or  subtiamcate  base  of  the  leaves." 
The  type  specimen  is  rather  fragmentary,  but 
so  far  as  known  it  has  been  accurately  diagnosed 
by  Lesquereux. 

Platanus  platanoides  has  since  been  found 
in  beds  of  ''Lower  Laramie"  (Medicine  Bow) 
age  in  Carbon  Coimty,  Wyo.,  and  has  been 
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reported  as  doubtfully  present  in  the  Raton 
formation  of  southern  Colorado. 

The  probable  presence  of  this  species  in  the 
Laramie  near  Erie,  Colo.,  is  attested  by  the 
single  example  here  figured.  It  is  very  frag- 
mentary, lacking  nearly  all  of  the  basal  portion, 
and  the  secondaries  and  ribs  are  at  a  more 
acute  angle  in  the  type  specimen,  but  other- 
wise it  appears  to  be  referable  to  this  species. 

Occurrence:  Laramie  formation.  Reliance 
mine.  If  miles  northeast  of  Erie,  Colo.,  col- 
lected by  F.  H.  Knowlton  and  G.  C.  Martin, 
1908. 

VanUly  LSaUMINOSAS. 

Leguminosites?  coloradensis  Knowlton,  n.  sp. 

Plate  XIX,  figure  9. 

Leguminositesf  coloradengis  Knowlton  [nomen  nudum]. 
U.  S.  Geol.  Survey  Bull.  696,  p.  352,  1919. 

Fruit  of  large  size,  flattened  obovoid,  point 
of  attachment  small  (apex  not  seen),  thickened 
or  ridged  along  one  side,  body  provided  with 
numerous  fine  transverse  lines. 

This  specimen,  the  only  one  observed,  lacks 
the  apical  ( ?)  end  but  otherwise  is  apparently 
perfect.  Its  present  length  is  2.5  centimeters, 
but  when  perfect  it  was  probably  not  less  than 
3  centimeters  in  length.  The  width  is  1.5  cen- 
timeters, and  the  thickness  in  its  present  flat- 
tened condition  is  about  5  millimeters.  The 
transverse  lines  are  obscure,  and  th^re  is  no 
indication  of  lines  in  the  other  direction. 

The  generic  reference  of  this  specimen  is 
somewhat  uncertain,  from  the  fact  that  it  is 
not  perfect  and  also  because  it  does  not  lie  in 
the  matrix  so  as  to  be  displayed  to  the  best 
advantage.  In  its  shape  and  the  transvei^e 
lines  it  somewhat  resembles  what  has  been 
called  Nyasaf  racemosa  Ii[jiowlton,  from  the 
Denver  beds  at  Golden,  but  it  differs  greatly 
in  size  and  in  the  absence  of  longitudinal  lines 
or  ribs.  It  may  possibly  belong  to  the  genus 
Podogoniurtiy  so  many  species  of  which  fron^ 
the  Swiss  Miocene  are  described  by  Heer,** 
but  it  is  not  clear  that  it  is  a  pod  of  this  char- 
acter, and,  moreover,  there  are  no  transverse 
striae  in  the  forms  shown  by  Heer.  In  gen- 
eral shape  and  in  size  it  suggests  Leguminositesf 
arachioides  Lesquereux,'^  though  it  differs 
markedly  in-  the  striations  and  their  direction. 

>•  Heeri  Oswald,  Flora  tortlarla  Helvetiae,  vol.  3,  pi.  136,  1850. 
*f  Lejqoereux,  Leo,  The  Tertiary  flora:  U.  S.  GeoK  Survey  Terr. 
Rept.,  vol.  7,  pi.  69,  flg.  14, 1878. 


Occurrence:  Laramie  formation,  wooded 
bluff  south  of  Marshall,  Colo.,  collected  by 
A.  C.  Peale,  1908. 

Legaminodtes  colamblaaiis  KnowKon,  b.  sp. 

Plate  XIX,  figures  4,  5. 

Leguminatites '  eolumtnanut   Knowlton  [nomen  nudum], 
U.  S.  Geol.  Survey  Bull.  696,  p.  352,  1919. 

As  interpreted  this  appears  to  have  been  a 
small  turgid  pod  which  was  a  little  longer 
than  broad,  acuminate  at  the  apex,  and  short- 
pediceled. 

This  remarkable  form  is  represented  by  three 
specimens,  all  of  which  are  figured.  The  two 
more  nearly  perfect  examples  appear  to  be 
small  pods  that  have  been  split  along  one  of 
the  sutures  and  are  now  open  on  the  stone. 
The  larger  one  has  a  length  of  9  miUimeters 
exclusive  of  the  pedicel,  which  is  2  millimeters 
long,  and  a  width  of  6  millimeters  as  it  is 
spread  open,  or  3  millimeters  to  each  *' valve." 
The  smaller  specimen  is  5.5  millimeters  long 
and  6  millimeters  wide  and  is  without  a  pedicel. 
The  third  specimen  is  somewhat  crushed  and 
distorted. '  It  is  11  millimeters  long  and  appears 
to  have  been  6  or  7  millimeters  wide;  it  also  is 
without  a  pedicel. 

Just  at  the  point  of  the  more  crushed  speci- 
men there  are  two  small  roimd  or  oblong,  pea- 
like seeds,  each  3  millimeters  in  diameter. 
Very  close  to  the  large  perfect  specimen  is  the 
impression  of  what  appears  to  have  been  a 
similar  "seed."  There  is  of  course  no  proof 
that  either  of  the  "seeds"  came  from  these 
pods,  but  their  proximity  renders  it  possible,  if 
not  probable,  although  none  of  the  pods  appear 
to  show  traces  or  imprints  of  the  seeds,  as  it 
would  seem  they  should. 

It  is  with  hesitation  that  this  fossil  is  given  so 
definite  a  name  as  Leguminosites.  This  genus 
was  instituted  for  the  reception  of  certain  mis- 
cellaneous plant  remains  which  appear  to  be- 
long to  the  Legimiinosae  but  about  which 
knowledge  is  too  indefinite  to  permit  a  satis- 
factory generic  reference.  The  fossils  under  - 
consideration  appear  to  belong  to  the  Legumi- 
nosae — that  is,  they  appear  to  be  pods  from 
which  small  round,  pealike  "seeds"  may  have 
escaped.  They  have  a  form  very  like  that  of 
certain  living  species  of  AstrngaliLSf  as^.  canor 
densia  Uimi  and  A.  conferiifoliua  Gray,   or 
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rather,  as  these  would  appear  when  opened  and 
lying  in  a  rock.  The  identification  is  to  be 
regarded  as  tentative,  but  whatever  their 
nature,  they  are  very  definite  organisms  and 
undoubtedly  may  be  easily  recognized  in 
future. 
Occurrence:  Laramie  formation,  Erie,  Colo. 

Leiniminosites?  laramiensis  Knowlton,  n.  sp. 

Plate  XVII,  figure  4. 

L^guminontesf  laramimsis    Knowlton    [nomen   nudum], 
U.  S.  Geol.  Survey  Bull.  696,  p.  353, 1919. 

Leaflet  narrowly  obovate-lanceolate,  broad- 
est well  above  the  middle,  whence  it  narrows 
evenly  in  wedge-shaped  form  to  the  base  and 
more  abruptly  to  the  more  obtusely  acuminate 
apex;  margin  entire;  midrib  relatively  very 
thick;  secondaries  thin,  obscure,  apparently 
about  eight  pairs. 

This  is  a  small  leaf  or  leaflet  3  centimeters 
long  and  about  1  centimeter  wide.  It  is  pre- 
served on  a  rather  coarse  grained  sandstone, 
which  has  retained  but  little  trace  of.  the  ner- 
vation. It  is  so  poorly  characterized  that  the 
generic  reference  is  very  uncertain,  hence  it  is 
not  worth  while  to  institute  comparisons  with 
described  species,  as  they  might  be  very 
misleading. 

Occurrence:  Laramie  formation,  opposite 
sand-lime  brick  works  about  4  miles  north  of 
Colorado  Springs,  Colo.,  collected  by  A.  C. 
Peale  and  G.  I.  Finlay,  1908,  on  same  stone 
with  Domheyopsis  irivialis. 

MImosites  marshallanus  Ejiowlton,  n.  sp. 

Plate  XVI,  figure  4. 

Mimoiite*  marshallanus  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  387,  1919. 

Leaflet  small,  narrowly  obovate,  very  ob- 
tusely pointed  at  the  apex  and  wedge-shaped 
at  the  base,  2.75  centimeters  long,  14  milli- 
meters wide;  margin  perfectly  entire;  nerva- 
tion faint,  consisting  of  a  slender  midrib  and 
apparently  two  or  three  pairs  of  secondary 
branches. 

This  little  leaflet  is  the  only  one  observed. 
It  is  perfect  so  far  as  outline  goes,  but  the 
nervation  is  obscure.  It  appears  to  have  been 
sessile,  as  the  base  is  slightly  enlarged. 

Occurrence:  Laramie  formation,  Marshall, 
Colo.,  railroad  cut  between  old  and  new  sta- 
tions, collected  by  A.  C.  Peale,  1908. 


CasBla?  laramieiisls  Knowlton,  n.  sp. 

Plate  XIX,  figure  3. 

Cassia?  laramiensis    Knowlton    [nomen    nudum],  U.   8. 
Geol.  Survey  Bull.  696,  p.  146,  1919. 

Leaflet  small,  about  3  centimeters  long  and 
1.3  centimeters  wide,  ovate  or  elliptical-lanceo- 
late, rather  abruptly  rounded  at  the  base, 
obtusely  pointed  at  the  apex;  margin  appar- 
ently entire;  nervation  rather  obscure,  consist- 
ing of  a  rather  strong  midrib  and  seven  or 
eight  pairs  of  thin,  alternate  or  subopposite 
camptodrome  secondaries. 

This  little  leaf  or  leaflet  is  so  obscurely  pre- 
served that  it  is  hardly  worth  a  name  and 
description.  It  lacks  most  of  the  margin,  and 
this  fact  of  course  obscures  its  affinity.  It  is 
referred  provisionally  to  the  genus  Cassia. 

Occurrence:  Laramie  formation,  Marshall, 
Colo.,  collected  by  A.  C.  Peale,  1908. 

Cerds  eocenica  Leoqnerenx. 

Cercis  eocenica  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1872,  p.  384,  1873. 

Lesquereux's  description  and  remarks  con- 
cerning this  species  are  as  follows : 

Leaf  nearly  round,  entire,  of  a  thin  texture,  smooth 
surface,  deeply  cordate  at  base,  nervation  of  Cercis  cana- 
densis. 

The  leaf  has  its  point  destroyed;  it  is  apparently  obtuse 
or  rounded.  Except  that  it  is  more  deeply  cordate  than 
the  average  leaves  of  our  Cercis  canadensis^  there  is  no 
difference  whatever  between  the  fossil  leaves  and  those 
of  the  living  species. 

So  far  as  known  this  species  was  not  again 
referred  to  by  Lesquereux,  and  it  should  prob- 
ably be  omitted  from  further  consideration, 
yet  it  is  described  so  definitely  that  apparently 
it  could  be  recognized  if  it  should  be  found, 
and  for  this  reason  it  is  retained. 

Occurrence:  Laramie  formation,  Erie,  Colo. 

Order  SAFINDALBS. 

FamUy  CXLASTRACEAB. 

Celastrlnites  alatiis  Knowlton,  n.  sp. 

Plate  XXV,  figures  4,  5;  Plate  XXVI,  figure  1. 

Celastrinites  alatus  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  152,  1919. 

Leaves  thin,  membranaceous,  ovate  or 
broadly  ovate,  extended  above  into  a  short, 
sharp  acumen  and  below  into  a  rounded  or 
slightly  wedge-shaped  base,  which  is  extended 
down  the  petiole,  producing  a  decided  wing; 
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margm  from  or  a  little  below  the  middle  pro- 
vided with  numerous  fine,  sharp  upward- 
pointing  teeth;  midrib  strong,  straight;  second- 
aries about  five  pairs,  opposite  or  sometimes 
alternate,  emerging  at  an  angle  of  about  45°, 
curving  a  little  upward  and  joining  below  the 
margin,  thence  giving  rise  to  a  series  of  loops 
which  appear  to  have  branches  entering  the 
teeth;  nervilles  strong,  at  right  angles  to  the 
secondaries,  percurrent. 

This  species  appears  to  be  one  of  the  best- 
characterized  forms  belonging  to  the  Laramie. 
The  matrix  is  a  rather  coa]::^e  sandstone  upon 
which  the  finer  nervation  is  not  well  preserved, 
yet  the  outline  and  more  characteristic  nerva- 
tion  are  well  shown.  It  is  represented  by  four 
specimens,  of  which  the  two  figured  ones  are 
the  best.  The  larger  (PI.  XXV,  fig.  4)  is  6.5 
centimeters  long  and  4  centimeters  broad,  and 
the  smaller  (PI.  XXV,  fig.  5).  is  6  centimeters 
long  and  about  3  centimeters  broad.  The 
species  is  especially  characterized  by  the 
winged  petiole,  unequal  base,  fine  teeth  above 
the  middle  of  the  blade,  and  brachidiodrome 
nervation. 

In  nervation  this  species  is  very  similar  to 
Cdastrus  cassinefolius  linger,*'  but  the  size 
and  shape  are  very  different. 

Occurrence:  Laramie  formation,  Murphy's 
coal  bank,  Ralston  County,  north  of  Golden, 
Colo.;  Erie,  Colo.,  collected  by  N.  L.  Britton, 
1885. 

Celastrlnites  eriensis  Knowlton,  n.  sp. 

Plate  XXVI,  figure  2. 

CelastriniUs  eriengis  Knowlton  [nomen  nudum],   U.   S. 
Geol.  Survey  Bull.  696,  p.  152,  1919. 

Leaves  small,  membranaceous,  broadly  oval, 
tapering  from  the  broadest  point  at  the  middle 
regularly  to  an  acute  apex  and  to  a  similar 
base  which  extends  as  a  narrow  wing  to  the 
petiole;  margin  finely  and  sharply  serrate; 
nervation  consisting  of  a  thin  midrib  and  four 
or  five  pairs  of  camptodrome  secondaries; 
remaining  nervation  obsolete. 

This  species  is  founded  on  the  example 
figured,  which  is  3.5  centimeters  long  and  1.7 
centimeters  broad,  with  the  petiole  about  1 
centimeter  long.  The  nervation  is  obscure, 
about  the  only  thing  that  can  be  made  out 

being  the  midrib  and  the  four  or  five  pairs  of 

*i  -  ■ , _^_^_«____ 

»  Flora  tertiaria  Helvetiae,  vol.  3,  p.  67,  pi.  121,  figs.  25,  26. 


alternate,  thin  secondaries  which  emerge  at  an 
acute  angle  and  arch  just  inside  the  borders. 

This  species  is  found  associated  with  and 
may  possibly  belong  to  C.  alatus,  described 
above.  They  both  have  the  same  serrate 
margin  and  winged  petiole  and  approximately 
the  same  nervation,  but  they  differ  markedly 
in  shape  and  size,  the  leaves  of  C.  alatus  being 
several  times  the  size  of  those  of  C.  enensis  and 
broadly  oblong  instead  of  broadly  lanceolate. 

Occurrence:  Laramie  formation,  Erie,  Colo., 
collected  by  N.  L.  Britton  about  1884. 

Celastrinites  cowanensis  Knowlton,  n.  sp. 

Plate  XVI,  figure  6. 

Celastrinitea  cowanensis  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  152,  1919. 

Leaf  apparently  of  rather  thin  texture, 
elliptical,  probably  about  10  centimeters  in 
length  and  a  little  less  than  5  centimetere  in 
width;  upper  portion  rather  abruptly  rounded 
to  a  short,  obtuse  point  (basal  portion  de- 
stroyed) ;  margin  strongly  toothed,  the  teeth 
rather  sharp;  midrib  very  slender;  secondaries 
about  seven  pairs,  alternate,  thin,  at  an  angle 
of  30®  to  40®,  not  much  curved  upward,  dis- 
appearing before  they  reach  the  margin;  none 
of  the  finer  nervation  preserved. 

Occurrence:  Laramie  formation,  Cowan  sta- 
tion, 10  miles  south  of  Denver,  Colo.,  collected 
by  F.  H.  Knowlton. 

FamUy  ACESACEAS. 
N«fando  brittoni  Knowlton,  n.  sp. 

I 

Plate  XXVI,  figures  8-10. 

Negundo  brUtoni  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  405,  1919. 

Leaves  compound,  trifoliate;  terminal  leaflet 
largest,*  long-petioled,  broadly  ovate,  rounded 
at  the  base,  obscurely  three-lobed,  the  lateral 
lobes  very  short,  obtuse,  apex  apparently  ob- 
tusely acuminate;  lateral  leaflets  short-peti- 
oled,  oblong,  entire,  slightly  inequilateral;  ter- 
minal leaflet  three-nerved  from  a  point  a  little 
above  the  base,  other  nerves  remote,  opposite, 
effaced  at  the  borders;  lateral  leaflets  with 
about  five  pairs  of  alternate  secondaries,  which 
are  effaced  at  their  extremities;  finer  nervation 
obsolete. 

This  well-marked  species,  which  I  take 
pleasure  in  naming  in  honor  of  its  collector. 
Dr.  N.  L.  Britton,  of  the  New  York  Botanical 
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Garden,  is  based  upon  the  several  examples 
figured.  In  the  larger  specimen  (fig.  10)  the 
whole  leaf  is  about  12  centimeters  long,  in- 
cluding the  petiole,  which  is  3.5  centimeters 
long.  The  terminal  leaflet  appears  to  have 
had  a  petiole  fully  2  centimeters  long,  and  the 
blade  is  about  6  centimeters  long  and  5  cen- 
timeters broad.  The  lateral  leaflets .  have 
petioles  only  about  4  millimeters  long.  The 
one  wholly  preserved  is  5  centimeters  long  and 
3  centimeters  broad.  The  nervation  is  ob- 
scure, and  it  is  possible  to  make  out  only  a  few 
of  the  secondaries. 

The  genus  Negundo  '• — ^if  it  is  to  be  main- 
tained as  distinct  from  Acer — is  represented  by 
three  living  species,  with  a  number  of  more  or 
less  well-marked  varieties,  and  is  entirely 
North  American  in  distribution. 

Up  to  the  present  time  about  eight  fossil 
species  of  Negundo  have  been  described,  of 
which  three  are  European  and  the  remainder 
American.  Of  these  the  oldest  is  Negundo 
(or  Negundoides)  acutifolia  (Lesquereux)  Pax,'® 
from  the  Dakota  sandstone  of  Kansas  and 
Nebraska,  which  differs  in  having  thin  lanceo- 
late leaflets,  obscure  as  to  their  point  of  attach- 
ment. The  next  younger  species  is  N,  decur- 
rens  Lesquereux,'^  from  the  Denver  formation 
at  Golden,  Colo.  This  species  rests  upon  a 
single  specimen  which  has  not  been  figured, 
but  it  is  regarded  by  Lesquereux  as  being 
closely  allied  to  N.  triloba  Newberry,"  a  species 
found  only  in  the  Fd^t  Union  near  the  mouth 
of  Yellowstone  River  in  Montana.  Negundo 
triloba  is  evidently  closely  related  to  the  living 
box  elder  {N.  aceroides)  and  differs  from  N, 
brittoni,  the  one  here  described,  in  having  the 
terminal  leaflet  smallest  and  in  all  being 
coarsely  toothed. 

>*  There  has  been  much  diacusBion  as  to  the  propriety  of  maintaintng 
NtQunio  as  a  separate  genus,  and  it  is  probable  that  the  grounds  for  so 
doing  are  inadequate  from  the  botanist's  point  of  view.  The  box  elders 
appear  to  be  most  closely  related  to  the  red  maples,  with  which  they 
agree  in  having  the  flowers  appearing  before  the  leaves,  and  these  two 
types  are  separated  from  other  maples  by  having  compound  instead  of 
lobed  leaves.  If  the  possession  of  compound  leaves  was  confined  to  this 
group  {Nenundo)  it  might  be  best  to  consider  them  generically  separate 
from  Acer,  but  there  is  another,  otherwise  unrelated  group  of  Chinese 
and  Japanese  species  with  temate  leaves.  For  paleontologic  purposes 
It  has  been  thought  best  to  retain  the  box  elders  under  Negundo,  though 
recognising  full  well  the  fact  that  the  basis  for  this  action  is  not  very 
secure. 

M  Pax.  F.,  in  Engler's  Bot.  Jahrb.,  vol.  6,  p.  3fi6,  1885.  Lesquereux, 
Leo,  The  Cretaceous  flora;  XJ.  S.  Qeol.  Survey  Terr.  Kept.,  vol.  6,  p.  97, 
pi.  21,  fig.  5. 1874. 

^  Lesquereux,  Leo,  Harvard  Coll.  Mus.  Comp.  Zoology  Bull.,  vol.  16. 
p.  54, 1888. 

"  Newberry,  J.  S.,  U.  8.  Oeol.  Survey  Mon.  35,  p.  115,  pi.  31,  fig.  5, 1808. 


The  only  other  American  species,  from  the 
Mascall  formation  of  the  John  Day  Basin, 
Oreg.,  was  described  under  the  name  RvUac 
crataegifoUum  Elnowlton  "  when  it  was  thought 
that  Rulac  was  the  tenable  name  for  replacing 
Negundo.  This  species  also  rests  on  a  single 
rather  fragmentary  specimen  and,  if  correctly 
interpreted,  has  the  terminal  leaflet  much 
smaller  than  the  lateral  ones;  both  are  sharply 
toothed. 

The  European  forms  are  N.  hohemicum 
Menzel,*^  from  the  Oligocene  of  Sulloditz, 
Bohemia,  and  N.  europ<uum  Heer  *•  and  N. 
trifoliaia  (Al.  Braun)  Al.  Braim,**  from  the 
Miocene  of  Oeningen,  neither  of  which  app- 
roaches closely  our  species. 

In  North  America  we  have  the  following 
species,  which,  when  arranged  in  ascending 
geologic  order,  exhibit  what  we  now  know  of 
the  development  of  the  genus: 

Negundo  acutifolia  (Les- 
quereux) Pax Dakota  sandstone. 

Negundo  brittoni  Knowl- 
ton,  n.  sp Laramie  formation. 

Negundo  decurrens  Les- 
quereux  Denver  formation. 

N^undo  triloba  Newberry.  .Fort  Union  formation. 

N^undo  crataegifolia 
(Knowlton)  Knowlton,  n. 
comb Miocene. 

Negundo  aceroides  Moench . . Living. 

Occiurence:  Laramie  formation,  Marshall, 
Colo. 

raniUy  SAPIin>ACEAS. 
Pistada  eriensis  Knowlton,  n.  sp. 

Plate  XXVIII,  figures  1-4. 

Pistada  eriensis  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  460,  1919. 

Leaf  compound,  imparipinnate,  tri(?)-foUo- 
late;  rachis  slender;  leaflets  arising  from  the 
same  point,  the  terminal  one  short-petioled, 
the  lateral  ones  sessile;  leaflets  oblong-lanceo- 
late, acuminate  at  the  apex,  the  terminal  one 
with  a  wedge-shaped  base,  the  lateral  ones  in- 
equilateral in  the  upper  side,  all  entire;  midrib 
of  leaflets  rather  strong;  secondaries  numerous, 
14  to  20  pairs,  mainly  opposite  or  subopposite, 

»  Knowlton,  F.  H.,  U.  S.  Geol.  Survey  Bull.  2M«  p.  77,  pi.  16,  fig.  7, 
1002. 

M  Naturw.  Gesoll.  Isis,  Bautzen,  Sitsungsb.  und  Abh.,  1806^,  p.  52, 
pi.  2,  figs.  8-9. 

»  Heer,  Oswald,  Flora  tertiaria  Helvetiae,  vol.  3,  p.  60,  pi.  118,  figs. 
20-22, 1869. 

M  Bruckmann,  Dr.,  Ver.  vaterl.  Naturkunde  Wiirttemberg  Jahresb., 
VI.  Jahrg.,  p.  236, 1850. 
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emerging  at  a  low  angle,  camptodrome,  often 
forking  at  about  one-third  their  length  from 
the  margin,  ciurving  just  inside  the  margin  and 
each  joining  the  one  next  above;  additional 
shorter  secondaries  frequently  interspersed  be- 
tween the  principal  ones,  thence  running  one- 
third  or  sometimes  more  than  half  the  distance 
to  the  margin,  ^becoming  obsolete  or  curving 
downward  and  each  uniting  with  the  secondary 
next  below;  nervilles  strong,  percurrent,  some- 
times crossing  at  right  angles  to  the  second- 
aries; but  oftener  oblique  to  them;  finer 
nervation  mostly  obsolete. 

This  species  is  represented  by  the  examples 
sho¥dng  the  compound  nature  of  the  leaves 
and  by  ten  or  more  detached  leaflets.  The 
largest  specimen  with  the  leaflets  attached 
has  a  rachis  3.5  centimeters  long,  and  the 
terminal  leaflet  has  a  petiole  about  6  milli- 
meters long.  All  the  leaflets  in  this  specimen 
are  broken,  but  they  must  have  been  at  least 
5  centimeters  long  and  about  2.5  centimeters 
wide.  In  the  smaller  specimen  in  which  the 
leaflets  are  attached  only  about  5  millimeters 
of  the  rachis  is  preserved,  and  the  petiole  of 
the  terminal  leaflet  is  only  about  2  millimeters 
long.  These  leaflets  are  much  narrower  than 
those  in  the  other  specimen,  the  terminal  one 
being  long,  narrowly  wedge-shaped  at  the 
base,  and  the  lateral  ones  very  much  narrowed 
on  the  upper  side.  They  must,  however, 
belong  to  the  same  species  as  the  larger  one. 

The  numerous  detached  leaflets  all  appear  to 
have  been  lateral  ones,  as  they  are  strongly  in- 
equilateral. Several  of  them  are  hardly  to  be 
distinguished  from  the  lateral  leaflets  in  the 
larger  specimen  mentioned  above. 

Pistacia  eriense  is  obviously  related  to  and 
possibly  identical  with  P,  JioUickiy  described 
below.  They  come  from  the  same  locality  and 
have  many  points  in  common,  the  principal 
difference  being  that  the  leaves  of  P.  eriense  are 
odd-pinnate  and  those  of  P.  hoUicki  abruptly 
pinnate.  This  character,  however,  does  not 
hold  in  the  living  species,  as  pointed  out  in  the 
description  of  P.  hoUicki,  but  I  have  decided 
to  keep  them  separate,  provisionally,  even  on 
the  slight  grounds  mentioned.  There  are  also 
minor  differences  in  size'  and  nervation. 

Occurrence:  Laramie  formation,  Erie,  Colo. 


Fistada  hoUicki  Knowlton,  n.  sp. 

Plate  XXVIII,  figures  5,  6. 

« 

Pistacia  hoUicki  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  460,  1919. 

Leaves  compound,  abruptly  pinnate;  rachis 
slender;  leaflets  nearly  sessile,  oblong-lanceo- 
late, entire,  inequilateral  on  the  upper  side, 
slightly  rounded  or  wedge-shaped  at  the  base, 
abruptly  acuminate  at  the  apex;  midril?  of 
leaflets  strong,  secondaries  numerous,  10  to  12 
pairs,  alternate,  emerging  at  a  low  angle, 
craspedodrome,  frequently  forking  near  the 
margiti,  which  they  enter;  tertiaries  usually 
midway  between  the  secondaries,  slender,  run- 
ning halfway  to  the  margin  and  disappearing 
or  bending  downward  and  each  joining  the 
secondary  next  below;  nervilles  rather  strong, 
percurrent,  running  obliquely  between  the 
secondaries;  finer  nervation  not  retained. 

This  beautiful  species  is  represented  by  three 
specimens  and  seven  or  eight  leaflets,  all  well 
preserved.  The  larger  example  has  the  rachis 
preserved  for  2.5  centimeters.  The  terminal 
leaflets  are  sessile  and  exactly  opposite.  They 
are  very  inequilateral,  the  upper  side  near  the 
base  being  reduced  quite  to  the  midrib.  They 
appear  to  have  been  about  3.5  centimeters  long 
and  are  about  1.5  centimeters  wide  in  the 
broadest  part,  which  is  above  the  middle. 
The  lateral  leaflet  is  7  millimeters  below  the 
terminal  ones  and  has  a  petiole  scarcely  1  mil- 
limeter long.  It  is  more  nearly  oblong-lan- 
ceolate and  is  3.5  centimeters  long  and  13 
millimeters  wide.  Like  the  terminal  ones,  it 
is  inequilateral,  but  not  to  the  same  extent. 

The  other  example  figured  has  three  leaflets 
preserved,  but  the  point  of  their  attachment 
can  not  be  made  out.  They  are  shorter  than 
those  of.  other  specimens,  being  only  3  centi- 
meters Ifttg.  They  have  the  same  nervation 
as  the  others. 

It  is  with  considerable  certainty  that  these 
leaves  are  referred  to  the  genus  Pistacia ,  for 
in  the  manner  of  arrangement  and  shape  of 
leaflets  and  nervation  they  approach  closely 
certain  living  species  of  the  genus.  In  the 
abruptly  pinnate  character  of  the  leaves,  as 
well  as  in  the  shape  of  the  leaflets,  they  are 
similar  to  P.  lentiscus  Linn^,  a  species  of 
southern  Europe.    They  approach  more  closely. 
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however,  some  of  the  abruptly  pinnate  leaves 
of  P.  mutica  Frick  and  Meyer,  also  from 
southern  Europe.  Most  of  the  leaves  of  P. 
mutica  are  odd-pinnate,  at  least  on  the  speci- 
men preserved  in  the  herbarium  of  the  United 
States  National  Museum,  yet  now  and  then 
one  is  found  which  is  abruptly  pinnate.  They 
have  the  same  shape  and  arrangement  as  ob- 
served in  the  fossil.  The  nervation  is  also 
strikingly  like  that  of  the  fossil  species. 

I  have  not  been  able  to  see  the  only  American 
species  of  the  genus — P,  mexicana  Humboldt, 
Bonpland,  and  Kunth,  of  Mexico  and  possibly 
southern  Texas,  but  it  is  described  as  having  a 
winged  petiole  and  must  differ  considerably 
from  the  fossil  imder  consideration. 

A  number  of  fossil  species  of  Pistada  have 
been  described,  all  of  which  differ  more  or  less 
from  P.  hoUicH.  Thus,  P.  hohemica  Ettings- 
hausen,'^  from  Bilin,  has  much  the  same  shape 
but  is  twice  as  large  and  differs  in  nervation. 
Certain  of  the  detached  leaflets  of  P.  miocenica 
Saporta,"  from  the  ''  Bassin  de  Marseille,"  are 
very  much  like  the  lateral  leaflets  of  P.  hoUicJcif 
though  broader  and  somewhat  less  inequi- 
lateral. The  other  described  fossil  species  ap- 
proach the  living  P.  lentiscus  Linn6  or  P. 
terebinthinus  Linn6.« 

I  have  ventured  to  name  this  species  in  honor 
of  Dr.  Arthur  Hollick,  in  partial  recognition  of 
his  kindness  in  placing  this  material  at  my 
disposal. 

Occurrence:  Laramie  formation,  Erie,  Colo., 
collected  by  N.  L.  Britton  about  1885. 

FamUy  HJCACEAB. 
Dez  laramienflis  Knowlton,  n.  sp. 

Plate  XXIV,  figures  4r-7. 

Ilex  laramitruia  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  326,  1919.  i-  i 

Leaves  coriaceous,  oval,  rounded  at  the  base, 
acute  at  the  apex,  the  margin  provided  with 
scattered,  upward-pointing,  spiny  teeth;  mid- 
rib rather  slender;  secondaries  four  or  five  pairs, 
alternate,  open,^  camptodrome,  arching  some 
distance  inside  the  margin  and  each  joining  the 
one  next  above,  with  branches  from  the  outside 
entering  the  teeth;  nervilles  obscure  but  ap- 
parently percurrent. 

I.ll'l-i  I....  ■  ■■!>. 

S7  Die  foasile  Flora  des  TertlaibeckenB  von  Bilin:  K.  Akad.  Wiss.  Wien 
Denkachr.,  vol.  29,  p.  49,  pi.  50,  fig.  25, 1869. 

M  Annsiea  ad.  nat.,  5th  ser.,  Botanique,  vol.  9,  p.  184,  pi.  6,  figs.  4-6, 
1868. 


These  well-characterized  leaves  are  broadly 
oval,  3.5  centimeters  long  and  about  2  to  2.5 
centimeters  wide.  The  margin  is  remotely 
spiny-toothed  above  the  lower  third  of  the 
blade,  the  teeth  pointing  upward  and  separated 
by  rounded  Sinuses.  The  camptodrome  second- 
aries have  outside  branches  entering  the  teeth,  a 
well-known  character  of  the  genus  Ilex. 

There  can  be  little  or  no 'question  of  the  cor- 
rectness of  referring  these  leaves  to  Flex. 
Among  the  several  living  species  they  un- 
doubtedly approach  most  closely  /.  opaca 
Alton,  the  well-known  holly  of  the  eastern 
United  States.  This  living  species  differs  in 
having  the  spiny  teeth  outward-pointing  and  in 
having  more  numerous  secondaries.  The  camp- 
todrome arrangement  of  the  secondaries  with 
the  branches  entering  the  teeth  is  very  like  the 
arrangement  in  the  fossil  under  consideration. 

Among  fossil  forms  the  present  one  has  some 
resemblance  to  Ilex  quercifolia  Lesquereux,'* 
from  Florissant,  Colo.,  which,  however,  differs 
in  being  obovate,  with  irregular  teeth  and  more 
numerous  secondaries,  which  enter  the  teeth 
directly. 

Occurrence:  Laramie  formation,  Erie,  Colo., 
collected  by  N.  L.  Britton  about  1885. 

Order  BHAMNALES . 

FamUy  BHAKNACEAB. 

CeanoUms  erienais  Knowlton,  n.  sp. 

Plate  XXVI,  figures  a-6. 

CeanothtLs  erienm  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  151,  1919. 

Leaves  evidentlv  thick  and  coriaceous, 
elliptical  or  broadly  oval,  rather  abruptly 
rounded  to  the  base  and  in  about  equal  degree 
to  the  obtuse  or  abruptly  acuminate  apex; 
margin  entire  for  lower  third,  then  finely 
serrate;  nervation  craspedodrome,  consisting 
of  a  strong,  straight  midrib  and  three  or  four 
pairs  of  strong,  opposite  or  subopposite  second- 
aries, the  lower  pair  nearly  as  strong  as  the 
midrib  and  arising  at  or  very  near  the  base  of 
the  blade,  each  of  the  lower  secondaries  with 
three  or  four  rather  remote,  occasionally 
forking  branches  on  the  lower  side;  the  lower 
pair  of  secondaries,  which  arise  at  an  angle 
of  about  45°,  pass  upward  for  a  little  more  than 

•  Lesquereux,  Leo,  The  Cretaceous  and  Tertiary  floras:  U.  S.  Oeol. 
Survey  Terr.  Rept..  vol.  8,  p.  186,  pi.  38.  figs.  2-5, 1883. 
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half  the  length  of  the  blade  and  end  in  the 
margin,  as  do  all  the  branches;  upper  pairs  of 
secondaries  dividing  the  blade  into  two  or 
three  approximately  equal  divisions,  arising  at 
a  slightly  more  acute  angle  than  the  lower  pair 
and  terminating  in  the  margin,  the  lower  pair 
with  one  or  two  branches  on  the  lower  side; 
nervilles  rather  faint^  pei'current,  and  at  right 
angles  to  the  midrib. 

This  species  is  represented  by  eight  or  ten 
more  or  less  perfect  examples,  four  of  which 
have  been  figured.  They  range,  so  far  as  can 
be  made  out,  from  4,5  to  about  5.5  centimeters 
in  length  and  from  3  to  4  centimet^ra  in 
width.  They  are  elliptical  or  broadly  oval, 
with  a  rounded  base  and  an  apex  which  is 
similarly  rounded  to  an  abruptly  acuminate 
point.  Each  specimen  has  three  or  four 
pairs  of  secondaries,  the  lowest,  of  nearly  the 
same  size  as  the  midrib  and  emerging  at  the 
top  of  the  petiole  and  bearing  thi^e  or  four 
branches  on  the  lower  side,  while  the  other 
secondaries  are  remote  and  simple  or  once  or 
twice  branched.  The  margin  is  finely  serrate 
from  a  point  one-third  or  more  above  the 
base. 

There  is  considerable  uncertainty  as  to  the 
proper  generic  reference  for  these  little  leaves. 
They  have,  for  example,  the  same  size,  shape, 
and  superficial  appearance  as  Ficus  plani- 
costata  Jjesquereux,^^  but  they  di£fer  at  once 
in  the  serrate  margin  and  craspedodrome 
instead  of  camptodrome  nervation.  The 
broader  forms  have  also  some  resemblance 
to  Cissus  lobato-crenata  Lesquereux,**  but 
that  species  differs  in  having  an  irregularly 
toothed  margin  and  a  different,  looser  nerva- 
tion. Mortis  italica  Massalongo,^'  from  the 
Italian  Tertiary,  is  very  suggestive  of  this 
species  but  differs  in  being  five  instead  of 
three  ribbed  from  the  base  and  in  minor 
details  of  nervation.  At  one  time  it  was 
thought  that  these  specimens  should  be  re- 
ferred to  Viburnumj  as  certain  of  the  more 
rounded  forms  have  the  shape  and  much  the 
nervation  of  V.  dichotomum  Lesquereux,**  but 
that  species  differs  in  having  more  prominent 
teeth  and  a  markedly  flexuose  midrib.     Sev- 

«  Leaquereux,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr. 
Rept..  vol.  7,  pi.  31,  figs.  3,  4,  5,  etc.,  1878. 

^  Idem,  pi.  41,  fig.  3. 

«>  9ynop]i9  florae  foasilu  senogallieriflii,  pis.  1(V-11,  fig.  10, 18W. 

o  Lesquereux,  Leo,  The  Tertiary  flora:  U.  S.  Oeol.  Survey  Terr. 
Rept.,  vol.  7,  pi.  88,  fig.  6, 1878. 


eral  of  the  broader  forms  approach  V.  lakesii 
Lesquereux  ^  in  the  configuration  of  the  base, 
but  that  species  differs  in  being  three-lobed 
and  in  having  a  different  branching  of  the 
lower  secondaries.  Among  living  species  of 
Viiurnum  this  much  resembles  V,  dHatatum 
Thunberg,  from  Japan,  which  has  the  shape 
and  dentition  but  differs  in  having  eight  or 
more  pairs  of  secondaries.  From  F.  dentatum 
Linn6  it  is  also  distinguished  by  much  the 
same  characters. 

But,  all  things  considered,  it  seems  best  to 
refer  this  form  to  Ceanothus,  as  it  is,  for  in- 
stance, very  similar  to  certain  of  the  rounder- 
leaved  forms  of  the  living  C.  americanus  Linn6, 
and  more  especially  to  a  form  presumed  to  be 
a  hybrid  of  this,  known  as  C.  azyreua,.  culti- 
vated in  the  parks  at  Washington,  D.  C.  All 
the  fossil  leaves,  however,  appear  to  be  more 
nearly  elliptical  than  either  of  the  above- 
mentioned  forms.  The  marginal  teeth  are 
similar  to  those  in  the  living  species  except  that 
they  do  not  occur  on  the  lower  third  of  the 
blade.  This  species  differs  from  C.  azuretts  in 
its  larger  size,  more  rounded  form,  serrate 
margin,  and  craspedodrome  nervation. 

Occurrence:  Laramie  formation,  Erie,  Colo., 
collected  by  N.  L.  Britton  about  1885. 

CeanoUms  oTaUfoliiw  Knowltoiit  n.  sp. 

Plate  XXV,  figure  3. 

Ceanothus  ovati/olius  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survrey  Bull.  696,  p.  151,  1919. 

Leaf  cimeate-ovate,  3  centimeters  long,  1.5 
centimeters  wide,  long  wedge-shaped  at  the 
base,  rather  abruptly  acuminate  at  the  apex; 
margin  entire;  nervation  camptodrome,  of 
about  five  pairs  of  opposite  or  subopposite 
secondaries,  the  lower  pair  arising  from  the 
very  base  just  at  the  margin  of  the  blade, 
thence  running  up  for  nearly  two-thirds  the 
length  of  the  leaf  and  there  joining  the  third 
pair  of  secondaries,  which  in  turn  arch  to  the 
pair  next  above,  the  whole  forming  a  line  just 
inside  the  border;  finer  nervation  not  pre- 
served. 

This  leaf,  which  is  the  only  one  found  in  the 
collection,  is  referred  with  considerable  cer- 
tainty to  the  genus  CeanoihuSy  being  in  shape 
quite  like  the  living  C,  oikdus  Desfontaines  or 
C.  velutinus  Hooker   and   in  nervation  strik- 

**  Idem,  pi.  87,  fig.  13, 1878. 
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ingly  like  certain  of  the  leaves  of  C.  americana 
Liim6.  In  C.  americana  the  lowest  pair  of 
secondaries  arises  at  the  extreme  lower  limit 
of  the  blade  outside  the  parenchyma,  and  as 
they  are  of  the  same  strength  as  the  midrib  the 
leaf  appears  triple-nerved.  In  the  fossil  leaf 
the  lowest  pair  of  secondaries  arises  in  the  same 
manner,  but  they  are  not  quite  so  strohg  as  the 
midrib,  thus  producing  less  of  the  triple-nerved 
appearance.  This  lower  pair  does  not  seem 
to  be  branched  on  the  outside,  as  in  the  living 
C,  americana,  but  the  leaf  is  preserved  on  a 
coarse-grained  sandstone;  none  of  the  finer 
nervation  can  be  made  out.  The  first  pair  of 
prominent  secondaries  above  the  base  is  about 
in  the  middle  of  the  leaf. 

Ocoirrence:  Laramie  formation.  Mount  Car- 
bon, Morrison,  Colo.,  sandstone  near  coal  seam, 
collected  by  Arthur  Lakes,  June,  1890. 

Rhamniis  goldianns?  Lesqaerenx. 

Plate  XVIII,  figure  3. 

Rhamnta  goUHanus  Lesquereux,  IT.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Kept,  for  1872,  p.  381,  1873;  idem 
for  1873,  p.  405, 1874;  idem  for  1876,  p.  517, 1878; 
Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol. 
7,  p.  281,  pi.  53,  figs.  4-8,  1878. 

The  collection  from  the  wooded  bluff  just 
south  of  the  station  at  Marshall,  Colo.,  contains 
the  single  fragmentary  specimen  here  figured. 
It  seems  to  be  identical  with  some  of  the 
smaller  leaves  referred  to  Rhamnua  goldianuSf 
but  the  base  and  all  the  sides,  except  a  minute 
portion,  are  lacking,  and  the  identification  can 
not  be  positive.  It  is  a  Denver  species  and  has 
not  before  been  reported  from  the  Laramie. 

Occurrence:  Laramie  formation,  Marshall, 
Colo.,  wooded  bluff  just  south  of  station  and  the 
highest  point  in  the  section,  collected  by  A.  C. 
Peale.    Denver  formation,  Golden,  Colo. 

Rhamnus  saHdfolins  Lesqnereuz. 

Plate  XV,  figure  4;  ^late  XIX,  figure  2b. 

Rhamnus  9alict/olius  Lesquereux,  Am.  Jour.  Sd.,  2d  ser., 
vol.  46,  p.  206,  1868;  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1869  [reprint,  1873],  p.  196;  idem 
for  1872,  p.  400,  1873;  idem  for  1873,  p.  382,  1874; 
idem  for  1876,  p.  517,  1878;  Tertiary  flora:  U.  S. 
Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  282,  pi.  53,  figs. 
9,  10,  1878. 
Knojirlton,  U.  S.  Geol.  Survey  Bull.  163,  p.  70,  1900. 

This  species  was  first  named  from  specimens 
obtained  in  the  Marshall  coal  mine,  Boulder 


County,  Colo.  The  type  specimen  is  the 
original  of  figure  9,  Plate  LIII,  of  the  "  Tertiary 
flora"  and  is  No.  446  of  the  United  States 
National  Museum  collection,  though  unfor- 
tunately it  can  not  be  found  at  present.  There 
is  in  its  place  another  specimen  with  the  same 
number  which  may  have  been  the  counterpart 
of  the  one  figured,  although,  as  it  is  very  frag- 
mentary, it  is  impossible  to  be  certain  of  this. 
It  is  exactly  like  Lesquereux's  figure  9  in  its 
characters,  at  least  so  far  as  can  be  made  out, 
and  is  preserved  in  the  whitish  sandstone 
characteristic  of  the  locality. 

The  other  figured  type  ("Tertiary  flora,"  PI. 
Ililll,  fig.  10)  is  said  by  Lesquereux  to  have 
come  from  Black  Buttes,  Wyo.,  where  it  was 
obtained  by  Meek,^*  but  as  the  United  States 
National  Museum  catalogue  of  fossil  plants 
made  up  by  Lesquereux  does  not  record  the 
species  from  Black  Buttes,  this  is  probably  an 
error.  As  the  original  type  of  this  figure  can 
not  be  found  among  specimens  of  this  species 
from  any  other  locality,  it  must  be  ignored  until 
it  is  found  or  is  again  collected  from  the  local- 
ity mentioned. 

The  United  States  National  Museum  cata* 
logue  records  a  specimen  from  Golden,  Colo., 
which  is  evidently  the  one  referred  to  by 
Lesquereux  in  the  Hayden  report  for  1872, 
page  382.  It  is  No.  837a  and  is  preserved  on 
the  same  stone  with  Salix  integra  Gdppert  (No, 
837).  The  matrix  is  a  hard,  fine-grained 
whitish  sandstone,  not  unlike  that  from  Mar- 
shall, and  imdoubtedly  belongs  to  the  true 
Laramie. 

A  specimen  of  Rhammus  salicifolius  is  also 
recorded  from  the  roof  of  a  coal  mine  on  Sand 
Creek,  Colo.  This  example  (No.  935)  bears  the 
imprint  of  two  leaves  which  are  much  larger 
than  the  figured  specimens,  being  11  or  12 
centimeters  long  and  4  or  5  centimeters  wide, 
whereas  the  largest  type  as  figured  is  9.5  centi- 
meters long  and  only  2  centimeters  wide.  It  is 
possible  that  this  should  be  referred  to  a  new 
species. 

The  material  from  Cowan  station  contains 
several  specimens  that  appear  to  belong  to  this 
species,  especially  the  one  shown  in  figure  4, 
Plate  XV.  This  is  indistinguishable  from  the 
type  specimen  (Lesquereux's  fig.  9),  from 
Marshall. 


«  U.  S.  Oeol.  and  Geog.  Survey  Terr.  Ann.  Rept.  for  1872,  p.  400, 1878. 


THE  FLOBA. 


155 


There  are  several  other  leaves  that  have  the 
same  shape  and  nervation  as  those  described 
above  but  are  considerably  larger.  Th^y  are 
referred  to  if.  saHcifoliuSy  though  they  may  rep- 
resent a  closely  related  form. 

Occurrence:  Laramie  formation,  Marshall, 
Boulder  Coun,ty,  Colo,  (type) ;  Cowan  station,  10 
miles  south  of  Denver,  Colo.,  collected  by  F.  H. 
Knowlton;  cut  on  Moffat  railroad  (Denver  & 
Salt  Lake),  collected  by  A.  C.  Peale,  1908. 
Dawson  arkose,  Templeton  Gap,  4  miles  north- 
east of  Colorado  Springs,  Colo.,  collected  by 
A.  C.  Peale,  1908.  Vermejo  formation,  Canon 
City  field  (Rockvale) ,  Colo.,  collected  by  George 
Hadden;  2  miles  west  of  Trinidad,  Colo.,  col- 
lected by  G.  B.  Richardson.  Mesaverde  for- 
mation, near  Harper  Station,  Wyo.;  near  the 
Van  Dyke  coal.  Rock  Springs,  Wyo.,  collected 
by  F.  H.  Knowlton  and  T.  W.  Stanton,  1896. 

Rhamnns  mlnutns  Knowlton,  n.  sp. 

Plate  XVn,  figure  2. 

BhamnuB  mtntUiM  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  548,  1919. 

Leaf  very  small  (2  centimeters  long,  6  milli- 
meters wide)  but  of  firm,  perhaps  coriaceous 
texture,  lanceolate,  rather  wedge-shaped  at 
the  base,  and  obtusely  acuminate  at  the  apex; 
mai^in  entire  but  slightly  undulate;  nervation 
strong,  consisting  of  a  very  thick  midrib  and 
six  pairs  of  alternate  secondaries,  which  are 
considerably  curved  upward  and  apparently 
enter  the  margin;  nervilles  fairly  numerous, 
unbroken,  and  approximately  at  right  angles 
to  the  secondaries. 

The  nearly  perfect  little  leaf  figured  is  the 
only  one  observed.  It  appears  to  be  most 
closely  related  to  Rhamnua  salicifolius  Les- 
quereux  and  may,  indeed,  be  only  a  small  leaf 
of  that  species.  The  slightly  undulate  margin 
and  the  nervilles  at  right  angles  instead  of 
oblique  to  the  secondaries  are  apparent  differ- 
ences. 

Occurrence:  Laramie  formation,  Erie,  Colo. 

Bhanums  marslialleBala  Knowltont  n.  ap. 

Plate  XV,  ^g^rte  3. 

RhamnuB  marshalUnns  Knowlton  [nomen  nudiun],  U.  S. 
Geol.  Survey  Bull.  696,  p.  547,  1919. 

Leaf  small,  linear-lanceolate,  roimded  and 
obtuse  at  the  base  (apex  not  seen);  margin 
entire;  midrib  very  strong,  straight;  second- 


aries numerous,  probably  about  12  pairs,  close, 
parallel,  little  curved  upward,  just  reaching 
the  border;  nervilles  numerous,  mainly  un- 
broken, approximately  at  right  angles  to  the 
midrib. 

The  little  leaf  figured  is  all  that  was  ob- 
served of  this  form.  It  was  probably  about 
5  centimeters  long  and  is  evenly  1  centimeter 
wide  nearly  throughout. 

This  species  appears  to  be  most  closely 
related  to  Rhamnus  salicifolius  Lesquereux, 
from  which  it  differs  in  its  smaller  size,  rounded 
instead  of  wedge-shaped  base,  and  more  nu- 
merous secondaries. 

Occurrence:  Laramie  formation,  wooded 
bluff  south  of  Marshall,  Colo.,  collected  by 
A.  C.  Peale,  1908. 

Rhanuma  belmontenala  Knowlton  and  Cockerell. 

RhamnuM  belnumtensU  Knowlton  and  Cockerell,  U.  8. 

Geol.  Survey  Bull.  696,  p.  544, 1919. 
Rhamnus  eUgans  Newberry,  New  York  Lye.  Nat.  Hist. 

Annals,  vol.  9,  p.  49,  1868;  XT.  S.  Geol.  Survey 

Mon.  35,  p.  117,  pi.  50,  fig.  2,  1989. 

This  fine  species  has  been  well  described 
and  figiu*ed  by  Newberry.  At  the  time  it  was 
named  (1868)  it  was  said  to  have  come  from 
'^  Miocene  sandstone,  Belmont,  Colo./'  a  state- 
ment which  reflects  the  opinion  ciurent  at  the 
time  that  all  the  coal  of  the  West  was  of 
Tertiary  age.  When  it  was  figured  in  1898, 
however,  it  was  said  to  be  from  the  '*  Cretaceous 
(Laramie  group),  Belmont,  Colo.,"  a  state- 
ment which  again  reflects  the  opinion  of  the 
time.  A  question  arose  as  to  the  exact 
location  of  ''Belmont,  Colo."  No  town  of 
this  name  could  be  located  on  any  available 
map  of  the  State,  and  it  was  suggested  by 
Prof.  Junius  Henderson,  of  Boulder,  Colo., 
to  whom  an  appeal  was  made,  that  it  might 
possibly  be  a  corruption  of  ''Valmont,"  where 
the  Laramie  is  -  present.  Quite  by  accident 
it  was  discovered  that  Belmont  was  the  older 
name  for  Marshall,  as  shown  by  the  following 
quotation  from  Hayden's  discussion  of  the 
region:**  **  Li  the  Boulder  Valley  the  Tertiary 
coal  beds  are  enormously  developed.  The  Bel- 
mont or  Marshall's  coal  and  iron  mines,  on 
South  Boulder  Creek  *  *  *."  This  species 
has  not  been  detected  in  any  of  the  recent 
collections  from  Marshall  or  elsewhere  in  the 

<•  U.  8.  Oeol.  and  Geog.  Survey  Terr.  Third  Ann.  Rept.  (reprint, 
1873),  p.  129. 
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several  secondary  branches  on  the  outside; 
lower  or  outer  pair  of  ribs  slightly  more  slender 
than  the  others,  passing  up  for  nearly  or  quite 
half  the  length  of  the  blade,  each  wiih  five  or 
six  secondary  branches  on  the  outside  which 
arch  forward  and  disappear  just  inside  the 
margin;  nervilles  numerous,  strong,  mainly  un- 
broken, and  at  right  angles  to  the  ribs  or 
secondaries. 

This  form  is  represented  by  a  number  of  ex- 
amples, of  which  the  two  best  preserved  are 
here  figured.  The  specimen  that  is  most  nearly 
perfect  in  outline  is  shown  in  figure  2.  It  is 
about  9  centimeters  long  and  5.5  centimeters 
wide.  The  nervation  shows  only  the  ribs  and 
some  of  the  secondaries,  the  nervilles  being  ob- 
scure or  effaced.  The  other  specimen  (fig.  1) 
comprises  only  the  base  of  a  leaf  of  about  the 
same  size  as  the  one  seen  in  figure  2,  but  the 
nervation  is  much  better  preserved.  The  origin 
of  the  outer  pair  of  ribs  is  very  well  shown  in 
this  specimen — that  is,  they  are  seen  to  arise 
as  branches  from  the  inner  pair  of  ribs,  thus 
being  virtually  secondaries.  Each  gives  rise  to 
some  five  or  six  branches  on  the  outside.  The 
nervilles  and  their  disposition  are  well  shown 
in  the  figure. 

This  fine  species  most  closely  resembles 
Zizyphus  JibrUlosits  (Lesquereux)  Lesquereux," 
a  species  well  known  in  the  Denver  and  Raton 
formations.  From  this  it  differs  essentially  in 
having  the  base  distinctly  wedge-shaped  in- 
stead of  truncate  or  heart-shaped.  The  man- 
ner in  which  the  principal  ribs  arise  is  the  same 
in  both  species — that  is,  they  are  essentially 
three-ribbed  with  the  lateral  and  basal  second- 
aries arising  just  above  the  base  and  by  their 
strength  simulating  ribs.  The  nervilles  in  the 
present  species  are  similar  to  those  in  Zizyphus 
fibriHosus  except  that  they  are  neither  so  nu- 
merous nor  so  regular. 

I  take  pleasure  in  naming  this  species  in 
honor  of  Judge  Junius  Henderson,  curator  of 
the  museum  of  the  Universitv  of  Colorado, 
Boulder,  Colo. 

Occurrence:  Laramie  formation,  in  cut  in 
clay  beds  about  1^  miles  south  of  Golden,  Colo., 
collected  by  A.  C.  Peale,  1908;  Cowan  station, 
10  miles  south  of  Denver,  Colo.,  collected  by 
F.  H.  Knowlton. 

•*  Xie^uereux,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Kept., 
vol.  7,  p.  270,  pi.  52,  figs.  1-6, 1878. 


Zizyphua  comigatus  Knowltoii*  n.  sp. 

Plate  XVII,  figure  3. 

Zizyphtis  corrugatus  Knowlton  [nomen  nudum],  U.S.  Geol. 
Survey  Bull.  696,  p.  660,  1919. 

Leaf  apparently  rather  thick  m  texture,  ovate, 
with  abruptly  rounded,  truncate  or  slightly 
cordate  base  and  obtusely  pointed  apex;  seven- 
ribbed  from  the  top  of  the  petiole,  the  midrib 
strong,  straight,  with  two  pairs  of  alternate 
secondary  branches  in  the  upper  part;  next 
pair  of  ribs  at  an  angle  of  about  80°,  passing 
to  the  upper  margin,  each  with  three  or  four 
secondary  branches  on  the  outside;  next  outer 
pair  of  ribs  at  an  angle  of  about  60*^,  reaching 
the  margin  below  the  middle  of  the  blade,  each 
with  two  or  three  secondary  branches  on  the 
outside ;  lower  pair  of  ribs  at  an  angle  of  about 
30®,  apparently  without  secondary  branches: 
nervilles  thin,  few,  usually  unbroken. 

The  leaf  figured,  which  is  nearly  perfect,  is 
about  8.5  centimeters  long  and  about  5  centi- 
meters wide  and  is  very  well  characterized. 
This  form  is  in  some  ways  more  closely  related 
to  Zizyphus  JihriUosus  Lesquereux  **  than  Zizy- 
phus hendersoni,  the  form  just  described.  It 
differs,  however,  in  being  more  broadly  ovate, 
in  having  the  ribs  nearly  or  quite  straight  in- 
stead of  curved,  and  above  all  in^the  character 
of  the  nervilles  which  is  much  the  same  in 
both  and  is  wholly  unlike  that  of  Zizyphus 
bfriUosus, 

Occurrence:  Laramie  formation,  Cowan  sta- 
tion, 10  miles  south  of  Denver,  Colo.,  collected 
by  F.  H.  Knowlton. 

Zizyphus  itiinutus  Knowlton,  n.  sp. 

Plate  XVIII,  figure  1. 

Zuyphus  minutiLS  Knowlton  [nomen  nudum],  U.«S.  Geol. 
Survey  Bull.  696,  p.  661,  1919. 

Leaf  of  small  size,  probably  about  3.5  centi- 
meters in  length  and  8  millimeters  in  width, 
apparently  coriaceous,  linear-lanceolate,  nar- 
rowly wedge-shaped  at  the  base  (apex  de- 
stroyed) ;  three-ribbed  from  the  extreme  base 
of  the  blade,  the  ribs  nearly  equal  in  strength, 
the  lateral  ones  passing  well  up  to  the  apex;  all 
finer  nervation  obscure  or  effaced. 

Although  this  species  is  based  on  a  single 
specimen,  which  lacks  all  of  the  apical  portion, 

"  Lesquereux,  Leo,  The  Tertiary  flora:  U.  8.  GeoL  Survey  Terr. 
1   Rept.,  vol.  7,  p.  276,  pi.  52,  figs.  1-6,  1878. 
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RhamnuB  clebumi  was  reported  by  Les- 
quereux  ^  from  the  Laramie  at  the  old  France- 
ville  mine,  near  Colorado  Springs,  but  it  is  not 
foimd  in  the  recent  collections  from  that  place. 
The  present  leaf  from  Popes  Bluflfs  is  hardly 
one-fourth  the  size  of  the  ordinary  leaves  of 
this  species  and,  moreover,  differs  in  shape, 
being  narrower.  The  absence  of  the  basal  por- 
tion makes  it  impossible  to  decide  whether  to 
assign  this  leaf  to  Rhamnus  clebumi  or  to 
Rhamnus  goldianuSj  and  the  most  tha4;  can  be 
said  is  that  the  present  specimen  is  of  the 
same  type  as  these  species.  Its  smaller  size 
and  narrower  outline  suggest  that  it  probably 
is  neither  of  these  species,  though  obviously 
allied. 

Occurrence:  Laramie  formation,  Popes 
Bluffs,  west  of  Pikeview,  Colo.  (sec.  14,  T.  13 
S.,  R.  67  W.),  collected  by  A.  C.  Peale  and 
M.  I.  Goldman,  1908. 

Palinnis  zlzyphoides  Lesquereuz? 

Paliunts  zizyphoides  LesquereuXi  XJ.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Kept,  for  1872,  p.  397,  1873; 
Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7,  p.  274,  pi.  51,  figs.  1-6,  1878. 

•  This  form  was  established  on  material  from 
Black  Buttes,  Wyo.,  a  part  of  which,  at  least, 
is  stiU  in  the  collections  of  the  United  States 
National  Museimi  (cf.  No.  416a).  In  the  same 
connection  Lesquereux  wrote  as  follows:  ''The 
same  species,  represented  by  a  smaller  leaf, 
has  been  found  at  Erie.''  The  Museimi  collec- 
tion does  not  contain  a  specimen  from  Erie, 
nor  has  this  form  been  noted  in  any  of  the 
recent  collections  from  that .  place,  and  it  is 
consequently  questioned  as  a  Laramie  species. 
Occurrence:  Post-Laramie  (in  my  opinion), 
Blacl^ Buttes,  Wyo.  (types).  Laramie  forma- 
tion(?),  Erie,  Colo. 

Zizyphus  coloradensis  Knowlton,  n.  sp. 

Plate  XV,  figure  5. 

Zizyphtts  coloradensis  Knowlton  [nomen  nudum],  U.  S 
Geol.  Survey  Bull.  696,  p.  660,  1919. 

Leaf  apparently  rather  thin  in  texture,  ellip- 
tical or  slightly  ovate-eUiptical,  obtusely  wedge- 
shaped  at  the  base,  apparently  about  the  same 
shape  at  the  apex;  margin  entire  below,  pos- 
sibly slightly  toothed  above;  five-ribbed,  the 

M  Cesquereuz,  Leo,  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann.  Rept. 
for  1873,  p.  203, 1874. 
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central  or  midrib  stronger  than  the  others,  ap- 
parently with  two  or  three  secondaries  high 
in  the  upper  part;  inner  pair  of  ribs  nearly  as 
strong  as  the  midrib,  passing  up  well  toward 
the  apex  of  the  blade;  lower  or  outside  ribs 
slender,  possibly  arising  from  the  basal  portion 
of  the  inner  ribs,  not  reaching  for  more  than 
half  the  length  of  the  blade;  all  finer  nervation 
effaced. 

Only  a  single  specimen  of  this  form  has  been 
foimd,  and  this  has  lost  much  of  the  apical 
portion.  It  was  presumably  about  6  centi- 
meters long  and  2.5  centimeters  wide.  It  is 
preserved  on  a  very  soft  sandstone,  and  not 
many  of  the  details  of  nervation  can  be  made 
out  except  the  ribs. 

This  species  may  be  only  a  small,  narrow  leaf 
of  Zisyphus  hendersonij  but  it  appears  to  be  a 
thinner  leaf  and  is  possibly  toothed  in  the 
upper  portion.  It  has  also  some  resemblance 
to  Zizyphus  dnnamomaides  Lesquereux,"  from 
the  Green  River  formation,  but  the  latter  is 
smaller,  strongly  toothed  nearly  to  the  base, 
and  only  three-ribbed. 

Occurrence:  Laramie  formation.  Popes  Bluffs, 
west  of  Pikeview,  Colo.  (sec.  14,  T.  13  S.,  R.  67 
W.,)  collected  by  A.  C.  Peale  and  M.  I.  Gold- 
man, 1908. 

ZizyphoB  hendersoni  Knowlton,  n.  sp. 

Plate  XV,  figures  1,  2. 

Zizyphus  hendersoni  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  660,  1919. 

Leaf  evidently  firm  in  texture,  ovate  or  o vate- 
elHptical,  rather  abruptly  rounded  to  the 
slightly  wedge-shaped  base;  apex  not  well  pre- 
served but  apparently  rather  obtuse;  margin 
perfectly  entire;  petiole  stout,  at  least  1  centi- 
meter long;  three-ribbed,  or  in  effect  five- 
ribbed,  the  petiole  spUtting  into  approximately 
three  branches  or  ribs,  and  just  as  they  leave 
the  wedge-shaped  basal  portion  of  the  blade 
each  of  the  lateral  ones  gives  rise  to  a  strong 
secondary  branch  which  simulates  a  rib,  the 
five  about  equally  dividing  the  area  of  the 
blade;  middle  rib  straight,  with  several  secon- 
dary branches  in  the  upper  part;  next  pair  of 
ribs  about  as  strong  as  the  midrib,  ascending 
well  toward  the  apex  of  the  blade,  each  with 

tt  Lesqaereox,  Leo .  The  Tertiary  flora:  U.  8.  Oeol.  Survey  Terr.  Rept., 
vol.  1,  p.  277,  pi.  52,  figs.  7,  8, 1878. 
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several  secondary  branches  on  the  outside; 
lower  or  outer  pair  of  ribs  slightly  more  slender 
than  the  others,  passing  up  for  nearly  or  quite 
half  the  length  of  the  blade ,  each  with  five  or 
six  secondary  branches  on  the  outside  which 
arch  forward  and  disappear  just  inside  the 
margin;  nervilles  numerous,  strong,  mainly  un- 
broken, and  at  right  angles  to  the  ribs  or 
secondaries. 

This  form  is  represented  by  a  number  of  ex- 
amples, of  which  the  two  best  preserved  are 
here  figured.  The  specimen  that  is  most  nearly 
perfect  in  outline  is  shown  in  figure  2.  It  is 
about  9  centimeters  long  and  5.5  centimeters 
wide.  The  nervation  shows  only  the  ribs  and 
some  of  the  secondaries,  the  nervilles  being  ob- 
scure or  effaced.  The  other  specimen  (fig.  1) 
comprises  only  the  base  of  a  leaf  of  about  the 
same  size  as  the  one  seen  in  figure  2,  but  the 
nervation  is  much  better  preserved.  The  origin 
of  the  outer  pair  of  ribs  is  very  well  shown  in 
this  specimen — that  is,  they  are  seen  to  arise 
as  branches  from  the  inner  pair  of  ribs,  thus 
being  virtually  secondaries.  Each  gives  rise  to 
some  five  or  six  branches  on  the  outside.  The 
nervilles  and  their  disposition  are  well  shown 
in  the  figure. 

This  fine  species  most  closely  resembles 
Zizyphus  fibriUosus  (Lesquereux)  Lesquereux,** 
a  species  well  known  in  the  Denver  and  Raton 
formations.  From  this  it  differs  essentially  in 
having  the  base  distinctly  wedge-shaped  in- 
stead of  truncate  or  heart-shaped.  The  man- 
ner in  which  the  principal  ribs  arise  is  the  same 
in  both  species — that  is,  they  are  essentially 
three-ribbed  with  the  lateral  and  basal  second- 
aries arising  just  above  the  base  and  by  their 
strength  simulating  ribs.  The  nervilles  in  the 
present  species  are  similar  to  those  in  Zizyphus 
fibriUosys  except  that  they  are  neither  so  nu- 
merous nor  so  regular. 

I  take  pleasure  in  naming  this  species  in 
honor  of  Judge  Junius  Henderson,  curator  of 
the  museum  of  the  University  of  Colorado, 
Boulder,  Colo. 

Occurrence:  Laramie  formation,  in  cut  in 
clay  beds  about  1^  miles  south  of  Golden,  Colo., 
collected  by  A.  C.  Peale,  1908;  Cowan  station, 
10  miles  south  of  Denver,  Colo.,  collected  by 
F.  H.  Knowlton. 

<■  Le^uereux,  Leo,  Tbe  Tertiary  flora:  U.  S.  Oeol.  Survey  Terr.  Rept., 
vol.  7,  p.  276,  pi.  52,  figs.  1-6,  1878. 


Zlsyphus  comitfiitiis  Knowlton,  n.  sp. 

Plate  XVII,  figure  3. 

Zizyphtu  corrugattu  Knowlton  [nomen  nudum],  U.S.  Geo!. 
Survey  Bull.  696,  p.  660,  1919. 

Leaf  apparently  rather  thick  in  texture,  ovate, 
with  abruptly  rounded,  truncate  or  slightly 
cordate  base  and  obtusely  pointed  apex;  seven- 
ribbed  from  the  top  of  the  petiole,  the  midrib 
strong,  straight,  with  two  pairs  of  alternate 
secondary  branches  in  the  upper  part;  next 
pair  of  ribs  at  an  angle  of  about  80®,  passing 
to  the  upper  margin,  each  with  three  or  four 
secondary  branches  on  the  outside ;  next  outer 
pair  of  ribs  at  an  angle  of  about  60®,  reaching 
the  margin  below  the  middle  of  the  blade,  each 
with  two  or  three  secondary  branches  on  the 
outside;  lower  pair  of  ribs  at  an  angle  of  about 
30°,  apparently  without  secondary  branches: 
nervilles  thin,  few,  usually  unbroken. 

The  leaf  figured,  which  is  nearly  perfect,  is 
about  8.5  centimeters  long  and  about  5  centi- 
meters wide  and  is  very  well  characterized. 
This  form  is  in  some  ways  more  closely  related 
to  Zizyphvs  fibriHosus  Lesquereux  ^  than  Zizy- 
phu8  hendersonij  the  form  just  described.  It 
differs,  however,  in  being  more  broadly  ovate, 
in  having  the  ribs  nearly  or  quite  straight  in- 
stead of  curved,  and  above  all  in' the  character 
of  the  nervilles  which  is  much  the  same  in 
both  and  is  wholly  unlike  that  of  Zizyjihus 
hfirHlo^ua, 

Occiurrence:  Laramie  formation,  Cowan  sta- 
tion, 10  miles  south  of  Denver,  Colo.,  collected 
by  F.  H.  Bjiowlton. 

ZizyphuA  minutus  Knowlton,  n.  sp. 

Plate  XVIII,  figure  1. 

Zizyphus  minutus  Knowlton  [nomen  nudum],  U.«S.  Geol. 
Survey  Bull.  696,  p.  661,  1919. 

Leaf  of  small  size,  probably  about  3.5  centi- 
meters in  length  and  8  millimeters  in  width, 
apparently  coriaceous,  linear-lanceolate,  nar- 
rowly wedge-shaped  at  the  base  (apex  de- 
stroyed) ;  three-ribbed  from  the  extreme  base 
of  the  blade,  the  ribs  nearly  equal  in  strength, 
the  lateral  ones  passing  well  up  to  the  apex;  all 
finer  nervation  obscure  or  effaced. 

Although  this  species  is  based  on  a  single 
specimen,  which  lacks  all  of  the  apical  portion, 

f*  Lesquereux,  Leo,  The  Tertiary  flora:  U.  8.  Geol.  Surrey  Terr. 
I   Rept.,  vol.  7,  p.  276,  pi.  52,  figs.  1-6,  1878. 
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it  is  obviously  so  distinct  from  anything  else  in 
these  collections  that  it  merits  description.  It 
is  very  unlike  either  of  the  other  Laramie  forms 
referred  to  Zizyphus — in  fact,  it  belongs  to 
quite  a  different  section  of  the  genus.  It  is, 
however,  so  well  characterized,  though  it  is 
fragmentary,  that  there  should  be  no  trouble 
in  its  subsequent  recognition. 

Occurrence:  Laramie  formation,  railroad  cut 
between  old  and  new  stations,  Marshall,  Colo., 
collected  by  A.  C.  Peale,  1908. 

Order  MALVALBS. 
YamUyTILIACSAST 

Apeibopsis?  laramlenfiis  Knowlton,  n.  sp. 

Plate  VII,  figure  4. 

Apeibopsisf  laramiensis  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  80,  1919. 

Leaf  evidently  membranaceous,  broadly 
ovate,  at  least  8  centimeters  in  length  and  5.5 
centimeters  in  width,  abruptly  rounded  and 
truncate  at  the  base,  apex  destroyed  but  ap- 
parently obtusely  pointed;  margin  perfectly 
entire;  petiole  3.5  centimeters  long,  slender; 
midrib  straight,  rather  strong;  secondaries 
about  15  pairs,  mostly  opposite  or  subopposite, 
thin,  at  an  angle  of  20®  or  30®,  close,  parallel, 
very  little  curved  upward,  disappearing  just 
before  reaching  the  margin;  finer  nervation 
obsolete. 

This  species  appears  to  be  most  closely  re- 
lated to  Apeibopsisf  discolor  (Lesquereux)  Les- 
quereux,**  from  Black  Buttes,  Wyo.,  but  it 
differs  in  its  more  truncate  base,  thinner  nerva- 
tion, and  more  numerous  secondaries. 

The  generic  reference  of  both  these  species  is 
more  or  less  questionable,  as  Lesquereux 
pointed  out  when  discussing  his  species,  but 
they  are  apparently  congeneric  and  may  remain 
for  the  present  with  the  question  mark  to  indi- 
cate this  doubt. 

Occurrence:  Laramie  formation,  Leyden 
Gulch,  about  6i  miles  north  of  Golden,  Colo., 
collected  by  A.  C.  Peale. 

Order  UMBELLALES. 

FamUy  COBNACEJS. 
Comiis  suborbifera  Lesquereux. 

Plate  XIV,  figures  2,  2a  (type). 

Comia  suborbifera  lesquereux,  Tertiary  flora:  U.  S.  Geol. 
Survey  Terr.  Kept.,  vol.  7,  p.  243,  pi.  42,  figs.  2,  2a, 
1878;  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann. 


M  Lesquereux,  Leo,  The  Tertiary  flora:  U.  S.  Oeol.  Survey  Terr.  Rept., 
yol.  7,  p.  250,  pi.  46,  figs.  4-7,  1878. 


Rept.  for  1876,  p.  612,  1878.    [Lesquereux'e  figure 
of  the  type  is  here  reproduced.] 
Corniu  orbifera  Heer.     Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1873,  p.  402,  1874; 
idem  for  1876,  p.  512,  1878. 

The  type  specimen  of  this  species  was  found 
in  the  United  States  National  Museum  collec- 
tions (No.  353)  under  the  name  Comua  orbifera 
Heer,  with  which  it  was  at  first  identified.  Les- 
quereux explains,  however,  in  the  *' Tertiary 
flora,''  page  243,  that  on  the  advice  of  Saporta 
he  decided  to  give  it  a  new  name,  although  he 
found  difficulty  in  distinguishing  it  from  the 
European  species.  The  type  of  Cornus  auhor- 
hi/era  is  very  imperfect  and  hardly  admits  of 
close  comparison. 

This  species  is  apparently  related  to  Comus 
impressa  Lesquereux,  from  the  Denver  forma- 
tion of  Golden,  Colo.,  but  appears  to  differ  es- 
sentially in  the  secondaries  emerging  at  a  much 
more  open  angle. 

Occurrence:  Laramie  formation.  Golden, 
Colo.,  in  the  white  sandstone. 

» 

Comiis  praeimpressa  Knowlton,  n.  sp. 

Plate  XIV,  figure  5;  Plate  XIX,  figure  2a. 

Cornus  praeimpressa  Knowlton  [nomen  nudum],   U.  S. 
Geol.  Survey  Bull.  696,  p.  195,  1919. 

Leaf  evidently  firm  in  texture,  elliptical,  ap- 
parently rounded  or  perhaps  truncate  at  the 
base  and  abruptly  rounded  at  the  apex  to  a 
short  obtuse  point;  length  about  8  centimeters 
and  width  5  centimeters;  midrib  very  thick, 
especially  below,  perfectly  straight;  secondaries 
about  10  pairs,  mainly  alternate,  at  an  angle  of 
about  60°,  slightly  curved  upward,  campto- 
drome,  arching  just  inside  the  margin;  nervilles 
numerous,  strong,  mainly  unbroken,  at  nearly 
right  angles  with  the  secondaries;  finer  nerva- 
tion obsolete. 

This  form  is  based  on  the  single  example  from 
Cowan  station  here  figured.  It  is  very  well 
characterized  by  its  regular  elliptical  outline, 
very  thick  midrib,  relatively  thin  secondaries, 
and  nervilles  at  nearly  right  angles  to  the 
secondaries. 

This  species,  as  its  name  implies,  is  most 
closely  related  to  Cornus  impresaa  Lesquereux, " 
the  type  of  which  came  from  Mount  Bross, 
Middle  Park,  Colo.,  where  it  was  found  in  beds 
believed  to  be  of  Denver  age.    So  far  as  known 

^  Lesquereux,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7,  p.  343,  pi.  43,  fig.  3, 1878. 


160 


LARAMIE   FLORA  OF  THE  DENVER  BASIN. 


only  two  additionat  examples  of  Comus  im- 
preasa    have    been    collected.      These    are    a 
broken  individual  from  the  andesitic  beds  at 
Oolden,  Colo.,  and  the  leaf  from  the  ravine 
opposite  St.  Luke's  Hospital  in  Denver,  which 
was  described  by  Ward  *•  as  Comus  emmonsii. 
The   other  leaf   described    and   figured   by 
Ward"  under  the  name  Comus  emmonsii  came 
from  beds  known  to  be  of  Montana  age  at 
Point  of  Rocks,  Wyo.     In  my  ''Flora  of  the 
Montana  formation"^  this  specimen  was  also 
referred  to  Com,us  impressa  on  the  basis  of  the 
figure  of  it  given  by  Ward,  but  the  specimen 
itself  was  not  then  available.    This  figure  will 
be  seen  to  agree  very  closely  with  that  of 
Comus  impressaj  though  much  of  the  essential 
part  of  it  has  been  entirely  misinterpreted  and 
incorrectly   drawn.     The   margin    throughout 
and  the  distal  terminations  of  the  secondaries 
are  exceedingly  obscure.    Several  of  the  sec- 
ondaries seem  to  enter  the  margin,  but  in  one 
place  it  is  possible  to  demonstrate  with  con- 
siderable certainty  that  they  are  camptodrome 
and  arch  just  within  the  margin;  hence  it  is 
probable  that  all  do  this.     But  the  apex  is 
entirely  wrong  in  the  figure.     The  point  at 
which  it  is  there  made  to  curve  inward  is 
clearly  a  break,  and  it  was  undoubtedly  pro- 
longed for  a  distance  of  probably  3  or  4  centi- 
meters beyond  the  point  where  it  is  now  made 
to  terminate.     This  is  shown  by  the  undimin- 
ished thickness  of  the  midrib  at  the  broken 
upper  margin  of  the  blade,  as  well  as  by  the 
upper  pairs  of  secondaries,  which  do  not  arch 
but  clearly  pass  beyond  the  broken  margin. 
This  leaf  was  undoubtedly  ovate-acuminate, 
instead  of  elliptical-oblong,  and  is  in  all  proba- 
bility a  small  leaf  of  what  has  with  some  hesi- 
tation  been   called    Comv^   studeri.    In   any 
event  it  can  not  possibly  be  the  same  as  Com^us 
impressaf  and  I  doubt  whether  it  should  be 
given  specific  rank. 

Among  the  specimens  from  the  cut  on  the 
Moffat  railroad  (Denver  &  Salt  Lake)  near  the 
Leyden  mine  is  a  piece  of  matrix  bearing  a 
small  leaf  of  this  species  and  a  broken  leaf  of 
Rhamnus  salidfolius.  It  is  only  about  5  cen- 
timeters long  and  2.5  centimeters  wide  but 
does  not  otherwise  differ  essentially  from  the 
larger  example  figured. 

N  U.  8.  Oeol.  Snirey  Sixth  Ann.  Rept.,  p.  653,  pi.  48,  fig.  2,  1886; 
IT.  S.  0«o1.  Surrey  Bull.  37,  p.  55,  pi.  26.  fir.  2. 1887 
*  Op.  dt.  (Sixth  Ann.  Rept.),  pi.  48,  fig.  3. 
>•  U.  8.  Geol.  Survey  Bull.  163,  p.  68, 1900. 


Occurrence:  Laramie  formation,  Cowan  sta- 
tion, 10  miles  south  of  Denver,  Colo.,  collected 
by  F.  H.  Bjaowlton;  cut  on  Moffat  railroad 
(Denver  &  Salt  Lake) ,  collected  by  A.  C.  Feale, 

1908. 

Conmssp. 

Plate  XIV,  figure  4. 

Leaf  of  firm  texture,  elliptical  or  perhaps 
elliptical-obovate;  margin  entire;  nervation  pin- 
nate, the  midrib  strong,  straight;  secondaries 
about  six  or  seven  pairs,  at  an  angle  of  about 
45®,  alternate  below,  subopposite  above,  camp- 
todrome, arching  just  inside  the  border,  the 
upper  ones  much  curved  inward  and  probably 
reaching  the  midrib. 

The  specimen  here  figured  is  the  only  one 
obtained,  and  this  is  fragmentary,  lacking  all 
of  the  base  and  one  side  and  the  extreme  tip. 
It  was  about  8  centimeters  long  and  a  little 
over  5  centimeters  wide.  It  is  very  obtuse  and 
rounded  above  and  was  probably  abruptly 
rounded  below. 

This  form  is  of  the  same  type  as  Comus 
snborbifera  Lesquereux*  and  Com^us  praeim- 
pressa  Knowlton,  just  described,  but  differs  in 
its  fewer  secondaries  at  a  more  acute  angle. 

Occurrence:  Laramie  formation,  Cowan  sta- 
tion, 10  miles  south  of  Denver,  Colo.,  col- 
lected by  F.  H.  Knowlton. 

FamUy  A&ALIACEAS. 

Hedera  Incens  Knowlton,  n.  sp. 

Plate  IX,  figure  1. 

Hedera  lueeru   Elnowlton  [nomeir  nudum],  U.  S.  Geol. 
Survey  Bull.  $96,  p.  315,  1919. 

Leaves  small,  thick,  evidently  smooth  and 
polished  on  the  upper  surface,  deltoid-ovate, 
truncate  and  square-cut  across  the  base,  ob- 
tusely acuminate  at  the  apex;  margin  entii*e; 
petiole  thin,  evidently  short;  midrib  thin, 
straight;  secondaries  about  five  or  six  pairs, 
very  thin  and  delicate,  camptodrome;  finer 
nervation  obsolete. 

This  fine  little  species  is  represented  by  two 
leaves  preserved  side  by  side  on  the  same  piece 
of  matrix.  One  is  absolutely  perfect;  the 
other  is  somewhat  fragmentary  but  shows  well 
the  nervation.  The  perfect  example  is  3  cen- 
timeters long  and  2.3  centimetei's  wide,  and, 
so  far  as  can  be  made  out,  the  other  was  of 
similar  dimensions. 

Occurrence:  Laramie  formation,  Erie,  Colo. 
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Oidex  XBSKALBS. 
TamUy  SBIHACXAS. 

BUmifijnB  berryana  Knowlton,  n.  sp. 

Plate  XVII,  figure  5. 

Diospyros  berryana  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.. 237, 1919. 

Leaf  apparently  of  medium  thicknesS; 
broadly  lanceolate,  broadest  near  or  just  be- 
low the  middle,  whence  it  tapera  gradually  to 
the  wedge-shaped  base  and  presumably  to  an 
acuminate  apex,  but  this  portion  of  the  leaf 
is  destroyed;  margin  entire;  petiole  apparently 
rather  slender;  midrib  slender;  secondaries 
about  10  pairs,  mainly  alternate,  thin,  arising 
at  angles  of  30°  to  45°  with  the  midrib  arching 
and  joining  well  below  the  margin  and  with  a 
series  of  large  loops  outside;  nervilles  numer- 
ous, relatively  strong,  very  irregular  and 
broken;  the  finer  nervation  forming  irregular 
quadrangular  areas. 

The  leaf  figured  was  certainly  not  lass  than 

10  centimeters  and  may  have  been  as  much  as 

11  centimeters  long.  It  is  a  little  less  than  5 
centimeters  wide.  The  petiole,  which  appears 
to  be  ratlier  slender,  was  at  least  1  centimeter 
long. 

In  size  and  shape  of  leaf,  as  well  as  in  the 
essentials  of  nervation,  this  form  is  apparently 
congeneric  with  the  common  persimmon  (Dios- 
pyroa  virginiana)  but  differs  in  specific  details. 
It  is  also  congeneric  with  a  species  described 
as  IHospyros  copeana  Lesquereux,*'  from  Elko, 
Nev.,  but  differs  in  its  larger  size,  more  pointed 
apex,  and  fewer  secondaries. 

Occurrence:  Laramie  formation,  2  miles  east 
of  Lafayette,  Colo.,  collected  by  F.  H.  Knowl- 
ton, 1908. 

Order  GENTIANALES. 

Family  OLEACEABT 

Frazbiiia?  princetoidana  Knowlton,  n.  sp. 

Plate  XXII,  figure  7. 

Leaf  long,  lanceolate,  acuminate  at  the  apex 
(base  destroyed) ;  margin  entire  or  slightly  un- 
dulate in  the  middle  portion,  sparsely  toothed 
above;  midrib  slender,  straight;  secondaries  10 
or  11  pairs,  opposite  or  occasionally  suboppo- 
site,  emerging  at  an  angle  of  40°  or  45°,  curving 
slightly  upward  in  passing  to  the  border,  along 

**  LeMinereiix,  Leo,  The  Tertiaxy  flora:  U.  S.  Oeol.  Survey  Terr.  Rept., 
▼ol.  7,  p.  232,  pi.  40,  fig.  11, 1878. 


which  they  appear  to  curve;  nervilles  percur- 
rent,  close,  parallel,  mainly  at  right  angles  to 
the  secondaries;  finer  nervation  obsolete. 

This  form  is  represented  by  the  single  exam- 
ple figured,  which  unfortunately  is  very  frag- 
mentary, lacking  the  base  and  both  margins  for 
half  the  distance  above  the  biEise.  The  apex  is 
also  split  and  more  or  less  distorted,  and  alto- 
gether its  status  is  unsatisfactory.  I  have 
looked  carefully  for  some  known  species  to 
which  this  can  be  referred,  but  as  none  has  been 
found  it  is  necessarily  regarded  as  new.  It  by 
no  means  certainly  belongs  to  the  genus  Fraxi- 
nuSj  but  as  it  appears  to  resemble  certain  forms 
placed  in  this  genus,  it  has  been  provisionally  so 
referred. 

This  specimen  was  f iimished  by  Prof.  William 
Libbey,  jr.,  of  Princeton  University. 

Occurrence:  Laramie  formation (?),  Sand- 
stone Ridge,  east  of  South  Table  Moimtain, 
Golden,  Colo. 

FamUy  APOCTNACEAX. 

Apocjnophy]liini7  taenifoliam  Knowlton,  n.  sp. 

Plate  XVI,  figure  2. 

Apocynophyllumf  taenifolium  Knowlton  [nomen  nudum], 
U.  S.  Geol.  Survey  6ull.  696,  p.  81,  1919. 

Leaf  of  firm  texture,  linear-lanceolate,  being 
about  13  centimeters  in  length  and  2  centime- 
ters in  width;  it  is  abruptly  rounded  to  the  ob- 
tuse base  (apex  destroyed) ;  petiole  very  thick, 
apparently  short;  margin  entire;  midrib  very 
thick  below  but  thin  above,  straight;  seconda- 
ries feW)  eight  or  nine  pairs,  alternate,  thin, 
regular,  emerging  at  an  angle  of  about  45*^,  con- 
siderably curved  upward,  camptodrome;  finer 
nervation  not  retained. 

This  form,  represented  only  by  the  fragment 
shown  in  the  figure,  is  too  imperfect  to  be  re- 
garded as  adequately  characterized,  and  conse- 
quently the  generic  reference  has  been  ques- 
tioned. It  was  a  long,  narrow  leaf  that  was 
rather  abruptly  rounded  at  the  base  and  pre- 
sumably acuminate  at  the  apex.  It  is  not 
closely  similar  to  any  other  form  foimd  in  these 
beds. 

Among  the  several  species  of  Apocynophyllum 
described  from  this  country  may  be  mentioned 
ApocynophyUum  sordidum  Lesquereux,*®  from 
the  Dakota  sandstone  of  Kansas.    That  species, 

«  Lesquereox,  Leo,  Flora  of  the  Dakota  group:  U.  8.  Geol.  Survey 
Mod.  17,  p.  100,  pi.  64,  fig.  11, 1802. 
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however,  is  a  smaller  leaf,  is  distinctly  ovate- 
lanceolate,  and  has  numerous  secondaries.  The 
form  here  described  is  of  about  the  same  size 
and  shape  as  ApocynophyUum  wUcoxensis 
Berry,*^  from  the  Raton  formation  of  southern 
Colorado,  but  differs  in  having  fewer  and  more 
curved  secondaries. 

Occurrence:  Laramie  formation,  Leyden 
Gulch,  6  or  8  miles  north  of  Golden,  Colo.,  col- 
lected by  A.  C.  Peale,  1908. 

Order  POLSMONIALES. 

FamUy  BIGNONIACEAS. 

Dombeyopsis  obtiisa  Lesqnereux. 

PUte  XIII,  figure  4;  Plate  XX,  figure  11;  Plate  XX VII, 

figures  1-4. 

Dombeyopsis  ohtnsa  Leequereux,  U.  S.  Geol.  and  Greog. 
Survey  Terr.  Ann.  Rept.  for  1872,  p.  375, 1873;  idem 
for  1873,  p.  382,  1874;  idem  for  1876,  p.  514,  1878: 
Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol. 
7,  p  255,  pi.  47,  figs.  4,  5,  1878. 

Leaves  subcoriaceous,  entire,  round  oval,  obtuse, 
cordate;  nervation  three-palmate. — Lesquereux. 

This  species  was  first  described  from  a 
specimen  found  in  Gehrung's  coal  bed,  near 
Colorado  Springs,  Colo.,  but  the  ^ecimen  does 
not  appear  to  belong  to  the  United  States 
National  Museum  unless,  to  judge  from  the 
description,  it  is  the  specimen  figured  as  one 
of  the  types,"  which  is  recorded  in  the  Museiun 
catalogue  as  coming  from  Golden,  Colo.  It  is 
probable,  however,  that  the  original  is  not  now 
preserved,  for  the  specimen  above  mentioned 
agrees  in  character  with  others  known  to  be 
from  Golden. 

The  two  figured  types  are  preserved  in  the 
United  States  National  Museum  (Nos.  380, 381) 
and  if  they  are  correctly  labeled,  both  came 
from  the  lower  or  true  Laramie  at  Golden. 
The  collection  also  contains  another  example 
from  the  same  locality. 

There  is  a  single  very  fine  example  of  this 
species  (No.  28 Id)  from  the  upper  or  Denver 
beds  at  Golden.  It  was  only  partly  exposed, 
but  by  removal  of  the  matrix  the  whole  of  a 
large  and  very  perfect  leaf  was  revealed.  This 
agrees  in  shape  with  Dombeyopsis  obtusa  and  in 
nervation  rather  more  closely  with  Dombeyopsis 

«  Berry,  E.  W.,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  342,  pi.  103,  figs. 
2,  3;  pi.  108,  fig.  4,  1916.  Knowlton,  F.  H.,  U.  8.  Qeol.  Survey  Prof. 
Paper  101,  p.  345,  pi.  103,  fig.  3;  pi.  105,  figs.  1,  2;  pi.  106,  fig.  1, 1918. 

•>  Lesquereux,  Leo,  op.  cit.  (Tertiary  flora),  pi.  47,  fig.  4. 


platanoidesy  all  of  which  goes  to  show  that  these 
species  are  very  closely  allied. 

In  the  material  from  Coal  Creek,  Boulder 
County,  Colo.,  I  find  three  specimens  which 
clearly  belong  to  this  species.  All  are  more 
nearly  perfect  than  Lesquereux's  types,  and 
two,  shown  in  Plate  XXVII,  figures  1,  2,  are 
preserved  nearly  entire.  The  smaller  of  these 
two  specimens  lacks  only  a  small  portion  of 
the  base,  and  the  larger  a  portion  of  the  side  and 
apex.  In  figure  —  the  two  lateral  thick  ribs 
are  parallel  with  the  midrib  for  at  least  two- 
thirds  of  the  upper  portion,  as  in  Lesquereux's 
figure  5.  The  other  specimen  figured  has  the 
base  as  in  his  figure  5,  while  the  ribs  are  slightly 
more  divergent  than  in  his  figure  4:  The  un- 
.  figured  example  is  almost  the  exact  counterpart 
of  Lesquereux's  figure  4,  thus  connecting  them 
all  with  his  species. 

As  stated  above,  the  type  of  Dombeyopsis  ob- 
iusa  appears  to  have  come  from  the  true 
Laramie  near  Colorado  Springs,  Colo.,  and  the 
finding  of  these  specimens  is  a  satisfactory 
confirmation  of  the  horizon  of  which  they  are 
characteristic. 

The  collections  made  by  Lakes  at  the  Doug- 
las coal  .mine,  Sedalia,  Colo.,  embrace  three 
or  four  rather  fragmentary  specimens  that 
appear  to  belong  also  to  this  species.  They 
represent  only  basal  portions  of  the  leaves,  for 
it  seems  to  be  the  unfortunate  circumstance 
that  leaves  of  this  type  are  as  a  rule  poorly  pre- 
served. So  far  as  I  am  able  to  determine  there 
is  no  distinction  to  be  drawn  between  them  and 
the  types  of  Dombeyopsis  obtusa,  and  they  are 
so  referred. 

In  figures  3  and  4  of  Plate  XXVII  are  shown 
specimens  from  MarshalFs  coal  mine,  near 
Golden,  Colo.,  that  appear  indistinguishable 
from  the  leaves  from  Coal  Creek  shown  in 
figures  1  and  2,  the  only  difference  being  the 
further  splitting  of  the  petiole,  or  rather  the 
origin  of  the  three  ribs  at  a  lower  point  than  in 
the  other.  As  a  result  of  this  lower  origin  of 
the  ribs  the  basal  portion  of  the  lamina  is 
slightly  more  decurrent,  but  otherwise  in  shape 
and  nervation  these  leaves  are  certainly  iden- 
tical. 

Several  fragmentary  examples,  which  are  in- 
distinguishable from  Lesquereux's  figured  types 
are  present  in  the  small  collection  from  Crow 
Creek,  Colo. 
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Occurrence:  Laxamie  formation,  Gehrung's 
coal  mine,  near  Colorado  Springs,  Colo,  (type) ; 
Coal  Creek,  Colo.;  Marshall's  coal  mine,  at 
Marshall,  Colo. ;  Hoyt's  coal  mine,  1  mile  south 
of  Golden,  Colo.;  and  Crow  Creek,  25  miles 
northeast  of  Greeley,  Colo.  Denver  formation, 
3,000  feet  east  of  Douglas  coal  mine,  Sedalia, 
Colo.  Dawson  arkose.  Pulpit  Rock,  near  Col- 
orado Springs,  Colo. 

Dombejropsis  trivialis  Lesqnerenx. 

Plate  XIII,  figure  3;  Plate  XIV,  figure  3. 

Domheyopns  trivialis  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1872,  p.  380,  1873; 
idem  for  1873,  pp.  382,  404,  1874;  idem  for  1876, 
p.  514,  1878;  Tertiary  flora:  U.  S.  Geol.  Survey 
Terr.  Kept.,  vol.  7,  p.  255,  pi.  47,  fig.  3,  1878. 
[Lesquereux's  original  figure  is  here  reproduced  as 
Pi.  XIII,  fig.  3.] 

The  type  specimen  of  this  species  is  pre- 
served in  the  collections  of  the  United  States 
National  Museum  (No.  379)  and  is  found  on 
the  hard  white  sandstone  characteristic  of  the 
Laramie  at  Golden,  Colo.  The  species  has  not 
been  detected  in  any  of  the  subsequent  col- 
lections from  this  locality,  but  in  the  material 
from  a  locality  north  of  Colorado  Springs  there 
occurs  the  fragment  shown  in  Plate  XIV,  fig- 
ure 3,  which  appears  referable  to  this  species. 
Although  only  a  fragment  of  the  basal  portion 
of  one  side,  it  appears  to  agree  with  the  type  in 
essential  details.  It  is,  for  instance,  deeply 
heart-shaped  at  the  base,  with  several  large 
lobes  on  the  margin.  The  nervation  consists 
of  three  principal  ribs,  with  a  lighter  basal 
pair  which  makes  it  in  effect  five-ribbed. 
Branches  from  lateral  strong  ribs  pass  to  the 
marginal  lobes,  and  probably  the  basal  pair  of 
ribs  also  terminated  in  more  or  less  pronounced 
lobes. 

Dombeyopsis  trivialis  is  undoubtedly  closely 
related  to  D,  platanoides  Lesquereux,**  from 
which  it  differs,  according  to  Lesquereux,  in 
being  smaller,  in  having  the  nervation  less 
deeply  marked,  with  all  the  nerves  thinner  and 
with  the  secondaries  placed  in  the  upper  part 
of  the  leaf  at  a  great  distance  above  the  base. 
The  two  lower  veinlets  coming  from  the  top  of 
the  petiole  indicate  a  tendency  for  the  leaf  to 
become  five-ribbed.  Whether  these  are  char- 
acters of  sufficient  weight  to  separate  these 

M  Lflsquareux,  Leo,  The  Tertiary  flora:  XJ.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7,  pi.  47,  figs.  1,  2,  1878. 


two  forms  must  remain  for  more  complete  ma- 
terial to  settle. 

The  present  species  is  also  like  Domheyopais 
ohtusa  Lesquereiix  ^  in  general  shape  and  ner- 
vation but  differs  in  having  the  margin  lobed 
instead  of  entire.  It  is  possible  that  when  a 
sufficient  amount  of  material  can  be  obtained 
it  may  show  that  all  three  forms  are  referable 
to  a  single  species,  but  for  the  present  they 
must  be  kept  apart. 

Occurrence:  Laramie  formation;  Golden, 
Colo,  (type),  collector  not  known  but  probably 
F.  V.  Hayden;  opposite  sand-lime  brick  works 
about  4  miles  north  of  Colorado  Springs,  Colo., 
collected  by  A.  C.  Peale  and  G.  I.  Finlay,  1908. 

Dombeyopsis?  sinuata  Knowlton,  n.  sp. 

Plate  XXV,  figuree  1,  2. 

Dombeyopsis  f  sinuata  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  243,  1919. 

Leaf  evidently  thin  and  membranaceous, 
apparently  broadly  ovate,  well  rounded  to  a 
slightly  cordate  base  and  probably  a  rather 
obtuse  apex;  margin  undulate-sinuate;  mid- 
rib very  thick,  especially  below,  provided 
above  with  several  pairs  of  thin,  alternate, 
remote  83condaries  that  fork  and  send  branches 
to  the  marginal  undulations;  just  above  the 
base  of  the  blade  there  is  a  pair  of  opposite, 
strong  ribs  that  arise  at  an  angle  of  about  45^ 
and  pass  up  for  more  than  half  the  length  of 
the  blade,  each  with  five  or  six  rather  strong 
secondary  branches  that  are  at  right  angles 
to  the  midrib  and  apparently  end  in  the  mar- 
ginal teeth;  below  the  large  ribs  is  a  pair  of 
thin  ribs  that  bear  thin  secondary  branches  on 
the  lower  side;  finer  nervation  can  not  be 
satisfactorily  made  out. 

The  example  shown  in  figure  1  is  in  a  poor 
state  of  preservation,  being  folded  around  the 
rock  on  which  it  is  imprinted  and  more  or  less 
effaced  by  rubbing.  As  nearly  as  can  be 
made  out  it  is  broadly  ovate,  about  15  centi- 
meters long  and  nearly  12  centimeters  wide. 
It  is  in  effect  five-ribbed;  the  midrib  is  very 
thick  and  strong,  as  are  a  pair  of  ribs  which 
arise  at  an  angle  of  45^  some  distance  above 
the  base  and  pass  up  for  apparently  more  than 
half  the  length  of  the  blade.  Below  this 
pair  of  strong  ribs  is  a  second  pair  of  much 
more  slender  ribs  which  arise  at  nearly  a  right 
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angle  and  are  provided  with  secondary  branches 
on  the  lower  side.  The  margin  of  the  blade 
seems  to  be  entire  for  a  short  distance  above 
the  base,  then  strongly  undulate-sinuate.  The 
nervation  all  appears  to  be  craspedodrome, 
ending  in  the  large  marginal  teeth. 

The  poor  state  of  preservation  makes  it 
difficult  properly  to  place  this  leaf,  but  on  the 
whole  it  appears  to  be  most  like  the  several 
species  of  Domheyopsis  figured  by  Lesquereux, 
and  I  have  provisionally  referred  it  to  that 
genus.  It  is  larger  than  even  the  largest  leaf 
figured  by  Lesquereux  and  differs  in  being  quasi 
five-ribbed  and  in  having  a  looser,  more  forked 
nervation.  It  is  perhaps  closest  to  Domheyopsis 
platanoides  Lesquereux,"  from  the  Bozeman 
coal  field,  Mont.,  but  has  a  much  more  sinuate- 
toothed  margin  and  a  different  nervation. 

A  specimen  has  been  found  among  the  Coal 
Creek  material  which  seems  to  belong  with 
this  species.  This  specimen  is  much  broken 
but  was  evidently  a  leaf  of  large  size.  It  is 
more  deeply  heart-shaped  than  the  first  and 
has  an  enormously  thick  midrib  and  lateral 
ribs.  Except  as  regards  size  it  has  exactly 
the  same  character  of  nervation  as  the  type, 
including  the  secondary  ribs  at  right  angles 
to  the  midrib  and  below  the  strong  lateral 
ribs;  the  nervilles  are  also  the  same. 

I  am  in  doubt  as  to  the  correctness  of  refer- 
ring these  leaves  to  Domheyopsis,  but  they  may 
perhaps  remain  here  until  more  nearly  perfect 
examples  are  forthcoming. 

Occiurence:  Laramie  formation,  Coal  Creek, 
Boulder  County,  Colo,  (type) . 

Domheyopsis  ovata  Knowlton,  n.  sp. 

Plate  XXIV,  figures  1-3,  9. 

Domheyopsis  ovata  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  243,  1919. 

Leaves  rather  membranaceous,  ovate  in  gen- 
eral outline,  rounded  and  truncate  or  very 
slightly  heart-shaped  at  the  base,  rounded 
above  into  a  very  small  acuminate  point; 
margin  entire  below,  then  imdulate  or  pro- 
vided with  two  or  three  low,  roimded  lobes 
which  are  separated  by  shallow  rounded 
sinuses;  triple-nerved  from  the  base  of  the 
blade,  the  central  or  midrib  sUghtly  the  stronger, 
nearly  straight,   provided  above  with  about 

»i  Lesquereux,  Leo,  The  Tertiary  flora:  IT.  S.  GeoL  Survey  Terr. 
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six  or  seven  pairs  of  strong,  very  irregular, 
remote,  and  alternate  secondaries,  of  which  the 
lower  one  is  often  forked;  the  secondaries  curv- 
ing very  near  the  margin  and  each  joining  the 
one  next  above  or  running  along  just  inside  the* 
margin  and  fading  out;  lateral  ribs  arising  at 
the  base  of  the  blade  at  an  angle  of  about  50°, 
running  nearly  straight  to  the  margin,  just 
inside  which  they  apparently  curve  inward  and 
join  the  lower  pair  of  secondaries,  each  with 
six  or  eight  secondary  branches  on  the  lower 
side  which  are  approximately  at  right  angles 
to  the  midrib,  somewhat  curved  upward,  often 
forked,  each  curving  near  the  margin  and  form- 
ing by  union  with  the  next  higher  one  a. series 
of  large  bows;  nervilles  thin,  percurrent,  and 
broken. 

This  form  is  represented  in  the  collection  by 
several  well-preserved  leaves,  four  of  which  are 
figured.  There  is  considerable  range  in  size, 
the  smallest  (fig.  3)  being  about  6.5  centimeters 
long  and  4  centimeters  wide  and  the  largest 
(fig.  1)  about  10  centimeters  long  and  7  centi- 
meters wide.  The  leaf  shown  in  figure  9  is 
9.5  centimeters  long  and  6  centimeters  wide. 
The  configuration  of  the  base  is  shown  in 
figures  1  and  2  and  is  found  to  be  truncate  or 
very  slightly  heart-shaped. 

This  species  seems  to  be  related  to  Domhey- 
opsis platanoides  Lesquereux,**  from  the 
Bozeman  coal  field  of  Montana.  It  is,  how- 
ever, much  longer  and  narrower,  being  ovate 
instead  of  nearly  circular,  and,  further,  is 
truncate  instead  of  very  deeply  heart-shaped 
at  the  base.  The  nervation  is  similar  in  char- 
acter in  the  two  species,  except  that  in  D, 
ovata  the  lateral  ribs  are  at  a  slightly  more 
acute  angle. 

Occurrence:  Laramie  formation,  Erie,  Colo. 

SYSTEMATIC  POSmOK  UNCSBTAIN  OB 

UNKNOWN. 

Carpites  lakesii  Knowlton,  n.  sp. 

Plate  XIX,  figures  6-8. 

Carpites  Idkesii  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  135, 1919. 

Fruit  evidently  hard-shelled,  ovoid,  rounded 
at  the  base,  apparently  acuminate  at  the  apez^ 
surface  not  obviously  striate  or  otiierwise 
marked. 


••  LesquflTOUx,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Surrey  Terr. 
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The  material  from  the  Murphy  coal  mine, 
near  Golden,  Colo.,  contains  several  obscure 
fruits,  the  best  of  which  are  here  figured. 
Fruits  of  this  kind  are  all  unsatisfactory,  and 
I  have  hesitated  to  name  them,  but  they  un- 
doubtedly represent  a  type  of  vegetation  pres* 
ent  in  these  beds  and  should  perhaps  legiti* 
mately  be  designated  for  the  benefit  of  future 
workers,  though  their  affinities  are  and  prob* 
ably  must  remain  uncertain. 

These  fruits  appear  ,to  occur  in  pairs,  though 
there  is  no  evidence  of  organic  connection,  and 
it  may  be  that  this  association  is  merely  acci- 
dental. The  shape  and  apparent  consistence 
suggest  the  hard,  stony  putamen  of  certain 
species  of  PrunuSy  but  this  is  mere  conjecture. 
They  are  perhaps  sufficiently  well  figured  to 
permit  subsequent  identification. 

Occurrence:  Laramie  formation,  Murphy 
coal  bank,  Ralston  Coimty,  Colo.,  west  of 
Golden,  collected  by  Arthur  Lakes,  June,  1890. 

Carpites  lesqaereuxiaiia  Knowlton,  n.  sp. 

CarpiUt  luquereuxiana  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  896,  p.  135,  1919. 

Fruit  large,  about  18  millimeters  long,  about 
17  millimeters  in  greatest  diameter  and  13 
millimeters  in  least  diameter,  slightly  obovoid, 
with  a  broad,  flat  base  and  an  obtuse  apex; 
provided  with  about  twelve  weU-defined  ridges 
or  ribs  at  the  base  and  up  the  sides  which  by 
their  union  are  reduced  just  below  the  apex  to 
about  five. 

This  specimen  is  recorded  in  the  fossil-plant 
catalogue  of  the  United  States  National 
Museum  (]no.  951)  as  Carpites  rosteUatus 
Lesquereux— that  is,  the  small  piece  of  matrix 
on  which  it  occurs  is  so  recorded.  The  smaller 
of  the  two  fruits  on  this  matrix  obviously 
belongs  to  Carpites  rosteUatus,  but  the  one 
above  described  is  quite  different  and  un- 
doubtedly represents  a  new  species. 

Occurrence:  liaramie  formation.  Coal  Creek, 
Boulder  County,  Colo. 

Carpites  rhomboidalis  Lesqaereoz. 

Carpites  rhomboidalis  Lesquereux,  Tertiiiry  flora:  U.  S. 
Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  306,  pi.  60,  figa. 
28,  29,  1878;  U.  S.  Geol.  «Qd  Geog.  Survey  Terr. 
Ann.  Rept.  for  1876,  p.  520,  1878. 

The  two  types  of  this  species  are  on  one 
piece  of  matrix,  which  is  No.  507  of  the  United 
States    National    Museum    collections.    They 
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represent  so  far  as  known  the  only  specimens 
obtained. 

In  the ''  Tertiary  flora^"  page  306,  this  species 
is  said  to  have  come  from  South  Table  Moun- 
tain, near  Golden,  Colo.,  but  as  the  matrix  is  the 
coarse  white  sandstone  so  characteristic  of  the 
true  Laramie,  it  is  practically  certain  that  the 
specimen  did  not  come  from  that  locality, 
where  the  rock  is  of  Denver  age,  but  from  a 
locality  south  or  west  of  Golden,  where  the 
Laramie  is  known  to  be  exposed. 

Occurrence:  Laramie  formation,  Golden, 
Colo. 

PhylUtcs  leydeniaiiui  KnowltMi,  m.  9. 

Plate  XVIII,  figure  5. 

Phyllites  leydentanus  Knowlton  [nomen  nudiun],  U.  S. 
Geol.  Su-^vey  Bull.  696,  p.  446,  1919. 

Leaved  of  thick  texture,  ovate,  somewhat 
unequal  at  the  base,  margin  and  apex  prac- 
tically destroyed;  midrib  very  strong;  second- 
aries  only  two  or  three  pairs,  the  lowest  pair 
arising  a  short  distance  above  the  base  and 
producing  a  pseudo  three-ribbed  appearance, 
each  with  a  few  tertiary  branches  on  the  out- 
side; next  pair  of  secondaries  near  the  middle 
of  the  blade,  opposite,  strong,  apparently  cras- 
pedodrome,  but  this  can  not  be  made  out  with 
certainty. 

This  form  is  represented  by  several  leaves,  all 
of  which  are  so  fragmentary  that  the  whole 
character  can  not  be  made  out.  It  appears  to 
have  been  ovate  and  entire,  being  about  9 
centimeters  long  and  5  centimeters  wide.  The 
only  portion  of  the  margin  preserved  is  at  the 
base.  The  peculiarity  of  this  form  lies  in  the 
nervation,  the  two  pairs  of  especially  strong 
secondaries  being  opposite  and  probably  cras- 
pedodrome.  The  affinities  of  this  leaf  are  not 
recognizable,  though  it  can  probably  be 
recognized  for  stratigraphic  purposes. 

Occurrence:  Laramie  formation,  Leyden 
Gulch,  6^  miles  north  of  Golden,  Colo.,  col- 
lected by  A.  C.  Peale,  1908. 

Phjrllltes  niArBhalleiifliB  KnowltoBt  n.  «p. 

Plate  XXYIII,  figure  7. 

PhylliUs  marshallensis  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  BuU.  696,  p.  446,  1919. 

Leaf  large,  coriaceous,  lanceolate,  appar- 
ently rounded  at  the  base,  narrowly  acuminate 
at  the  apex ;  margin  prominently  undulate,  the 
lobes   and  sinuses  broadly,  rounded;   midrib 
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exceedingly  strong  below,  becoming  very  thin 
above;  secondaries  about  12  pairs,  alternate, 
thin,  arising  at  a  low  angle,  much  curved  up- 
ward, camptodrome,  arching  near  the  margin, 
along  which  they  pass  in  a  series  of  loops; 
nervilles  numerous, both percurrent and  broken; 
finer  nervation  forming  an  intricate  network  of 
large  and  small  irregularly  quadrangular 
areolae.         , 

This  remarkable  leaf  is  the  only  one  observed 
in  the  collections.  It  is  rather  broadly  lanceo- 
late, about  16  centimeters  long,  and  was 
undoubtedly  several  centimeters  longer  when 
perfect;  the  width  at  the  broadest  point  is 
about  5.5  centimeters.  The  margin  is  deeply 
undulate,  and  both  lobes  and  sinuses  are 
broadly  rounded.  The  midrib,  as  may  be  seen 
from  the  figure,  is  extremely  thick  below, 
where  it  exceeds  a  thickness  of  3  millimeters, 
but  in  the  upper  portion  of  the  blade  it  is 
reduced  almost  to  the  vanishing  point. 

I  am  entirely  at  a  loss  to  suggest  the  proper 
generic  reference  for  this  leaf.  The  very  thick 
midrib  and  arching,  camptodrome  secondaries 
suggest  certain  species  of  FicuSj  but  I  do  not 
regard  this  resemblance  as  sufficient  warrant 
for  placing  it  under  this  caption.  For  the 
present  it  may  remain  as  designated. 

Occurrence:  Laramie  formation,  Marshall's 
mine,  Boulder  Coimty,  Colo.,  collected  by 
N.  L.  Britton  about  1885. 

Phjllltes  trinenis  Knowiton,  n.  sp. 

Plate  XXlV,  figure  12. 

Phyllitea  trinervit  Knowlton  [nomen  nudum],  U.  S.  Qeol. 
Survey  Bull.  696,  p.  449,  1919. 

Leaf  evidently  thick  and  leathery,  ovate, 
broadly  rounded  below  to  an  apparently 
decmrent  base,  very  obtuse  and  rounded 
above;  margin  perfectly  entire;  triple-ribbed 
from  the  extreme  base  of  the  blade,  the  ribs 
of  equal  size,  the  middle  one  with  about  three 
pairs  of  alternate,  thin,  much  curved  seconda- 
ries, the  lateral  ones  with  several  secondary 
branches  on  the  outside;  all  secondaries  seem- 
ingly camptodrome;  finer  nervation  not  re- 
tained. 

The  little  leaf  here  figured  is  broadly  and 
very  obtusely  ovate,  the  length  being  5  centi- 
meters and  the  width  about  4  centimeters. 
The  base. is  broadly  roimded,  with  a  slightly 
Recurrent   portion    through   which   pass    the 


three  ribs,  their  origin  evidently  being  the  top 
of  the  petiole.  Little  of  the  other  nervation  is 
preserved,  and  this  is  well  shown  in  the  figure. 

The  real  affinities  of  this  leaf  are  hard  to 
make  out.  It  has,  for  example,  exactly  the 
same  type  of  base,  as  regards  shape,  size,  and 
nervation,  as  Ficus  irinennSf  a  part  of  which 
was  formerly  called  CinTiamomum  affine  Les- 
quereux,  but  the  upper  portion  of  tibe  leaf  is 
wholly  different. 

The  basal  portion  of  this  leaf  is  also  similar 
to  a  form  from  Marshall  that  has  been  described 
as  Popvlus  distofia  (p.  126),  but  it  differs  in 
having  the  apex  roimded  instead  of  acumi- 
nate. In  general  shape  it  suggests  Popubis 
arctica  Heer,  as  figured  by  Lesquereux,*^  but  it 
differs  in  details  of  primary  nervation.  It  also 
suggests  one  of  the  leaves  from  the  Bozeman 
coal  field  described  under  the  name  Popvlus 
cf.  P.  arctica  Heer,^  but  the  Bozeman  leaf 
differs  markedly  in  the  primary  nervation. 

Occurrence:  Laramie  formation.  Coal  Creek, 
Boulder  County,  Colo. 

Phyllites  dombeyepsoides  Knowlton,  n.  sp. 

PUte  XVIII,  figure  2. 

Phyllitei  dombeyopsoides  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  445,  1919. 

Leaf  ovate,  truncate  or  possibly  slightly 
heart-shaped  at  the  base,  regularly  and  ob- 
tusely acuminate  at  the  apex;  margin  slightly 
undulate,  especially  about  the  middle  of  the 
blade;  apparently  triple  ribbed  from  or  near 
the  base  of  the  blade,  the  central  or  midrib 
very  much  the  strongest,  espeoially  below, 
with  two  pairs  of  strong,  remote  secondary 
branches  in  the  upper  part;  lateral  ribs  slender, 
at  an  angle  of  about  60^,  with  a  large  lateral 
branch  in  the  lower  portion,  this  with  several 
tertiary  branches  on  the  outside  which  arch 
just  inside  the  margin;  lateral  ribs  forked 
above,  the  branches  passing  to  or  near  the 
margin,  the  rib  itself  arching  in  a  broad  bow 
and  joining  the  lower  secondary  on  the  midrib; 
intermediate  secondaries  and  nervilles  strong, 
unbroken. 

This  form  is  represented  by  the  leaf  figured 
and  several  rather  poor  fragments.  The  ex- 
ample figured,  which  lacks  both  base  and  apex, 

c'  Lesquereox,  Leo,  The  Tertiary  flora:  U.  3.  Qeol.  Survey  Terr. 
Kept.,  vol.  7,  pi.  23,  flg.  6, 187& 
«  Knowlton,  F.  H.,  U.  S.  Oeol.  Survey  Bull.  106,  pl.e,  flg.  7, 1808. 
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is  about  14  or  15  centameters  in  length  and  10 
centimeters  in  width;  and  the  widest  point  is  at 
about  one- third  the  length  of  the  blade  above 
the  base.  It  is  rather  broadly  ovate  and  has  a 
distinctly  undulate  margin.  The  nervation  is 
remarkable  for  the  very  thick  midrib,  with 
only  two  pairs  of  secondaries  in  the  upper  part. 

This  species  appears  to  be  closely  related  to 
Dombeyopsis  ovata,  from  which,  however,  it 
differs  in  its  larger  size,  more  distinctly  undu- 
late margin,  and  fewer  secondaiy  branches  on 
the  midrib,  as  well  as  by  the  joining  of  the  upper 
secondaries  before  they  reach  the  margin.  It 
also  resembles  certain  species  of  Ficria  of  the 
Ficus  planicostaia  group,  yet  it  apparently  dif- 
fers in  essential  ways. 

Occurrence:  Laramie  formation,  Cowan  sta- 
tion, 10  miles  south  of  Denver,  Colo.,  collected 
by  F.  H.  Knowlton. 

PhjrlUtes  sp. 

Plate  XIX,  figure  1. 

PhyllUei  sp.  Knowlton  [nomen],  U.  S.  Geol.  Siirvey  Bull. 
S96,  p.  460,  1919. 

In  the  material  obtained  by  Peale  in  the  cut 
on  the  Moffat  railroad  (Denver  &  Salt  Lake)  some 
6  or  8  miles  north  of  Golden,  Colo.,  is  the  frag- 
ment here  figured.  It  is  only  the  basal  portion 
of  what  was  apparently  a  large  leaf  and  shows 
the  very  thick  midrib  and  the  pair  of  nearly  as 
strong  lateral  ribs,  each  of  which  is  branched 
on  the  outside.  It  is  doubtful  if  any  portion 
of  the  margin  is  preserved. 

This  specimen  is  so  fragmentary  that  there 
is  httle  use  in  speculating  as  to  its  probable 
a£Snity,  though  it  is  not  unlike  certain  species 
of  PlaJUmuSy  such  as  PlaJtanus  raynolckii,  fig- 
ured by  Lesquereux  in  the  ''Tertiary  flora," 
Plate  XXVII,  figure  1,  but  obviously  it  can 
have  little  value  beyond  calling  attention  to 
the  fact  of  the  presence  of  a  large,  perhaps 
platanoid  leaf  in  these  beds. 

Occurrence:  Laramie  formation,  cut  on  Mof- 
fat railroad  (Denver  &  Salt  Lake)  6  or  8  miles 
north  of  Golden,  Colo.,  collected  by  A.  C. 
PealC;  1908. 


PhylUtes  sp. 

Plate  XVI,  flg:ure  5. 

Pk^UUet  sp.  Knowlton  [nomen],  XT.  S.  Geol.  Survey  Bull. 
696,  p.  450,  1919. 

The  fragment  of  the  tip  of  the  small  tooUxed 
leaf  here  figured  is  all  that  was  observed  of 
this  form  and  is  hardly  worthy  of  mention 
except  to  call  attention  to  the  presence  of  this 
type  of  leaf.  Its  aflSnity  is  obviously  uncer- 
tain. It  might  be  the  apical  portion  of  the 
leaf  of  a  piaple  (Acer)  or  a  sycamore  (Platanua)^ 
but  it  is  quite  impossible  to  decide  further. 

Occurrence:  Laramie  formation,  Marshall, 
Colo.,  collected  by  A.  C.  Peale,  1908. 

PhylUtes  up. 

Plate  VIII,  figure  6. 

PhjflliUsBp,  Knowlton  [nomen],  U.  8.  Geol.  Survey  Bull. 
696,  p.  451,  1919. 

In  the  material  from  Cowan  station,  near 
Denver,  is  the  fragmentary  leaf  here  figured. 
It  was  a  lanceolate  leaf  with  a  wedge-shaped 
base  and  presumably  an  entire  margin  and 
was  evidently  of  firm  texture.  It  was  10  centi- 
meters or  more  long  and  3.5  centimeters  wide. 
The  nervation  is  strongly  marked,  consisting 
of  a  strong  midrib  and  probably  about  six 
pairs  of  stroxig  alternate  secondaries  at  an 
acute  angle  of  divergence.  None  of  the  finer 
nervation  is  preserved. 

This  leaf  has  some  resemblance  to  what  has 
been  described  as  Ficua  cowanenais^,  especially 
to  the  leaf  shown  in  Plate  IX,  figure  3,  and  it  is 
to  be  noted  that  they  come  from  the  same 
locality.  The  latter  is  a  larger  leaf  and  has 
the  secondaries  more  numerous  and  at  a  less 
acute  angle.  The  fragment  under  discussion 
has  some  suggestion  of  certain  narrow  leaves 
of  QiLercuSf  but  it  is  too  fragmentary  to  be 
certain  of  the  reference  to  that  genus.  On  the 
whole  it  seems  best  to  refrain  from  giving  it  a 
definite  designation. 

Occurrence:  Laramie  formation.  Cowan  sta- 
tion, south  of  Denver,  Colo.,  collected  by 
F.  H.  Knowlton,  1908. 
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Palaeoastor?  ilnillii  Kn^wlton,  n.  sp. 

Plate  XXIV,  figareB  10,  11. 

Palaeo(uUrf  nmilu  Knowlton  [nomen  nudum],  U.  8.  Geol. 
Survey  Bull.  896,  p.  427,  1919. 

Organism  consisting  of  a  whorl  or  rosette 
apparently  of  about  six  tihick,  linear-lanceo- 
late, acuminate,  erect,  one-nerved  "leaves" 
or  segments  which  are  sessile  or  nearly  sessile 
on  a  short,  stent  stem  or  axis. 

Thi^  form  is  represented  by  the  nearly 
perfe<it  example  figured  and  a  number  of  de- 
tached segments.  So  far  as  can  be  made  out 
this  species  consists  of  about  six  "leaves"  or 
segments  which  are  disposed  in  a  whorl  at  the 
top  of  a  short,  stout  branch  or  axis.  The 
individual  "leaves"  are  narrowed  to  a  long 
wedge-shaped  basal  portion  and  apparently 
are  not  in  contact  with  one  another.  The 
only  nervation  vthat  can  be  observed  is  a 
thick  midrib. 

This  species  appears  to  be  related  to  a  curious 
organism  from  the  extreme  upper  part  of  the 
Vermejo  formation  and  the  lowermost  part  of 
the  Raton  formation  of  southern  Colorado, 
described  under  the  name  Paiaeoaster  in- 
quirenda  Ejiowlton,**  as  follows: 

It  consifits  of  usually  about  9  (the  number  ranges  from  8 
to  12)  narrow,  erect  ^'leaves**  or  members  which  are  3.5 
to  about  4.5  centimeters  long  aiid  6  to  10  millimeters  wide 
in  the  middle.  They  are  slightly  narrowed  to  the  sessile 
base^  where  they  are  in  contact,  though  evidently  perfectly 
free  at  the  point  of  attachment.    Above  they  are  narrowed 

•  Knowltoflk,  F.  H.,  U.  8.  Geol.  Survey  Prof.  Paper  101,  p.  278,  pi. 
49,  fl«s.  6,  S,  1918. 


to  a  quite  slender  actuniii^^  apex,  which  is  UsuaUy  some- 
what incurved.  The  aegOientB  are  thick  and  leathery,  if 
not  indeed  woody,  and  are  traversed  diversely  by  a  deep 
median  furrow.  *  *  *  It  seems  probable  that  these 
organisms  were  terminal,  for  there  is  some  evidence  of  the 
presence  of  a  ecar  or  point  of  attadiment  at  the  base,  but 
there  has  never  been  noted  any  axis  on  which  they  mig^t 
have  stood.  They  are  certainly  not  leaves  whorled 
around  a  stem,  for  had  they  been,  some  trace  of  the  stem 
should  have  been  detected  in  some  of  the  numerous  speci- 
mens that  have  passed  in  review.  It  appears  more  likely 
that  they  were  capsular  in  nature,  for  if  the  now  spreading 
segments  were  brought  together  they  would  apparently 
make  a  tightly  closed  '^capsule.*'  The  incurved  tips  of 
the  segments  lend  support  to  this  view,  though  no  evidence 
of  seeds  or  any  interior  structure  has  been  observed. 

The  specimen  under  consideration  appears 
to  differ  in  several  particulars  from  those  above 
described.  Thus,  instead  of  eight  to  twelve 
"leaves''  there  are  apparently  only  five  or  six; 
instead  of  being  in  contact  at  their  bases  they 
are  slightly  separated  and  have  much  more  the 
appearance  of  a  whorl  of  leaves;  and  finally, 
instead  of  being  sessile  they  appear  to  stand 
on  a  short  stem  or  axis.  The  individual 
"leaves"  or  segments  are  practically  indistin- 
guishable in  the  two  forms,  and  the  question 
naturally  arises  whether  they  are  slightly  dif- 
ferent phases  of  the  same  or  similar  organisms, 
or  whether  they  should  be  considered  wholly 
distinct.  In  the  absence  of  sufficient  material 
it  is  deemed  best  to  describe  them  as  separate 
species,  and  I  have  even  questioned  the  generic 
reference  of  the  present  form. 

Occurrence:  Laramie  formation,  Murphy's 
coal  mine,  Ralston  County,  west  of  Golden, 
Colo. 
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ADDITIONS  TO  THE  FLORA  OF  THE  WILCOX  GROUP. 


By  Edward  Wilbeu  Berry. 


A  rather  full  account  of  the  extensive  flora 
contained  in  the  lower  Eocene  strata  of  the 
Mississippi  embayment  which  are  referred  to 
the  Wilcox  group  was  published  in  1916.^  At 
that  time  it  was  not  possible  to  obtain  sections 
of  the  numerous  specimens  of  petrified  wood 
that  had  been  collected  from  these  beds. 
These  woods  have  since  been  sectioned  and 
studied,  and  it  seems  ominentlv  desirable  to 
place  the  results  of  this  study  on  record,  for 
although  much  of  the  material  had  suffered 
greatly  from  decay  before  silicification,  some 
of  it  is  fairly  well  preserved  and  shows,  among 
other  results,  that  conifers  were  individuaDy 
much  more  plentiful  during  Wilcox  time  than 
would  be  -inferred  from  the  almost  total  ab- 
sence of  their  foliage  in  the  very  large  collec- 
tions of  remains  of  this  class  that  have  been 
studied. 

Moreover,  these  coniferous  woods  show  well- 
marked  seasonal  rings,  indicating  periodicity 
in  the  climate,  which  can  be  explained  as  due 
either  to  severity  of  winters  or  to  a  seasonal 
rainfall  and  a  regularly  recurring  dry  season. 
As  the  facies  of  the  flora  appears  to  preclude 
the  first  alternative,  the  second  would  seem 
established,  except  that  the  general  character 
of  the  flora  is  equally  opposed  to  this  alter- 
native. As  both  the  pines  and  the  bald 
cypress  in  the  existing  flora  at  their  southern 
limit  in  peninsular  Florida  show  annual  rings, 
it  seems  to  me  that  a  somewhat  similar  winter 
season  must  be  predicated  for  the  Wilcox. 
This  does  not  mean  annual  snow  or  frost,  al- 
though freezes  may  have  occurred  at  intervals 
of  years.  Severity  is  a  relative  term,  and  I 
would  not  expect  the  Wilcox  climate,  even  at 
the  north  end  of  the  embayment,  near  the 

-       ■  m  ■  - 

»  Berry,  E.  W.,  U.  S.  Geol.  Survey  Prof.  Paper  91, 1916. 


present  mouth  of  the  Ohio,  to  have  been  any 
more  severe  during  the  winter  than  the  present 
climate,  for  example,  of  Fort  Pierce,  in  the 
southern  Indian  River  region  of  peninsular 
Florida.  This  conclusion  is  practically  the 
same  as  that  arrived  at  in  the  previous  analysis 
of  the  Wilcox  flora. 

Very  little  has  heretofore  been  known  of  the 
Wilcox  flora  in  the  Texas  area.  In  Profes- 
sional Paper  91  Wilcox  plants  were  recorded 
from  only  three  localities  in  Texas,  and  two  of 
these — ^Old  Port  Caddo  Landing,  in  Harrison 
County,  and  Sabine  River  in  Sabine  County — 
are  in  the  extreme  eastern  part  of  the  State- 
The  third  and  westernmost  locality  from  which 
Wilcox  plants  had  been  recorded  is  on  Calaveras 
Creek  in  Wilson  County.  That  the  lack  of 
fossils  from  the  Wilcox  in  the  region  between 
San  Antonio  and  the  Rio  Grande  was  due  en- 
tirely to  lack  of  exploration  was  shown  by  a 
short  trip  through  this  region  during  1921. 
Although  fossil  plants  are  not  so  common  there 
as  farther  east,  because  the  upper  Wilcox, 
which  alone  crops  out,  contains  a  large  propor- 
tion of  sandy  beds,  long  ago  recognized  as  the 
Carrizo  sandstone,  several  collections  were 
obtained.  The  age  of  the  Carrizo  sandstone 
has  heretofore  been  somewhat  uncertain.  Re- 
ferred originally  to  the  Wilcox,  it  has  been 
considered  to  be  of  Claiborne  age  by  several 
Texas  geologists.  The  plants  found  in  the 
Carrizo  sandstone,  as  well  as  those  found  both 
above  and  below  it  near  the  Rio  Grande, 
definitely  settle  its  upper  Wilcox  age.  These 
will  be  discussed  on  a  subsequent  page. 

In  addition,  a  few  collections  have  been  sent 
to  me  from  time  to  time  from  new  localities,  and 
I  am  particularly  indebted  to  Mr.  O.  M.  Ball  for 
a  large  collection  obtained  near  Mansfield,  La* 
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In  Professional  Taper  91  I  recorded  342 
species  of  plants  from  the  Wilcox.  In  Profes- 
sional Paper  108-E,  published  in  1917,  species 
of  Zamia  and  Ndumbo  were  added.  The 
present  contribution  includes  additional  plants, 
but  as  a  number  of  supposed  species  of  Ficus 
are  now  reduced  to  synonymy,  the  total  addi- 
tions amount  to  9,  making  353  as  the  number  of 
species  now  recognized  in  the  Wilcox  flora. 

The  descriptions  in  the  present  paper  include 
both  lauraceous  and  sterculiaceous  woods, 
also  strikingly  well  preserved  and  charac- 
teristic lauraceous  fruits.  Other  novelties  are 
a  liverwort  {Marchantites,)  the  fern  genus 
Dryopteris,  palm  nuts,  the  genus  Monocarpel- 
Hies  (which  helps  to  prove  that  the  lignites  of 
Brandon,  Vt.,  are  Eocene  and  not  Miocene), 
an  interesting  fruit  of  the  otherwise  unrep- 
resented family  Icacinaceae,  and  a  second 
which  is  referred  with  some  hesitation  to  the 
family  Anacardiaceae. 

The  upper  Wilcox  plant-bearing  bed  in  the 
Grenada  formation  near  Grenada,  Grenada 
County,  Miss.,  is  at  the  southernmost  point  at 
which  determinable  fossil  plants  had  been  found 
in  the  Wilcox  in  the  eastern  Gulf  area.  Much 
interest  therefore  attaches  to  a  small  collection 
made  recently  in  southern  Alabama  by  C.  W. 
Cooke  and  J.  A.  Gardner.  The  exact  locality 
is  at  the  wagon  bridge  on  Claybank  Creek  1 
mile  west  of  Clayhatchee,  Dale  County.  This 
is  about  300  miles  southeast  of  Grenada  and 
east  of  the  typical  localities  of  marine  Wilcox 
beds.  The  matrix  is  a  sandy  brown  clay,  and 
the  contained  leaves  are  poor  and  fragmentary. 
Representatives  of  four  different  species  are 
recognizable,  although  but  one  of  these  is 
determinable,  and  this  represents  a  perfect 
leaflet  of  Mimosites  variabilis  Berry. 

The  following  species  are  recorded  from  the 
Spinks  pit,  near  Paris,  Henry  County,  Tenn. 
The  specimens  occur  in  a  gray  plastic  clay  from 
which  the  entire  leaves  can  be  washed  and 
moimted  in  balsam  between  glass,  thus  forming 
very  exceptional  specimens : 

Monocarpellitee  perkinsi  Berry. 
Nectandra  glenni  Berry. 
Oreodaphne  salinensia  Berr>'. 
Sapindufi  mississippiensis  Berry. 

The  following  are  additions  to  the  flora  from 
a  locality  1  mile  south  of  Grand  Junction, 
Tenn. : 


Sabalites  grayanus  Lcsquereux. 
Oreodaphne  puryearensis  Beny. 

At  the  time  of  publication  of  Professional 
Paper  91  the  collections  obtained  4  miles  south- 
west of  Boydsville,  Ark.,  were  lost,  and  as  they 
had  only  received  a  preliminary  study  the  list 
of  species  from  that  locality  was  very  incom- 
plete. These  collections  have  since  received 
careful  study,  which  has  shown  that  Ficus 
denveriana  should  be  omitted  from  this  florule 
and  that  the  following  species  should  be  added : 

Anacardites  puryearensis  Berry. 
Apocynophyllum  missiflsippienais  Berry. 
Apocynophyllum  wilcoxense  Berry. 
Cinnamomum  oblonpratum  Berry. 
Coccolobis  uviferafolia  Berrv. 
Cyperacites  sp. 

Engelhard ti a  ettingshauseni  Berry. 
Ficus  mississippiensis  (Lesquereux)  Berry. 
Ficus  pseudocuspidata  Berr\'. 
Ficus  puryearensis  Berr>'. 
Hiraoa  wilcoxiana  Berrv. 
Juglans  schimperi  Lesquereux. 
Magnolia  leei  Knowlton. 
MjTcia  vera  Berry. 
Nectandra  purj^earensis  Berr\'. 
Oreodaphne  mississippiensis  Berry. 
Palmocarpon  butlerensis  Berr>'. 
Sapindus  mississippiensis  Berry. 
Temstroemites  eoligniticus  Berry. 

These  all  serve  to  emphasize  the  late  Wilcox 
age  of  the  Boydsville  florule. 

At  a  locality  near  Jacksonville,  in  Pulaski 
County,  Ark.,  L.  W.  Stephenson  collected  the 
following  species,  which  prove  the  outcrop  to 
be  of  upper  Wilcox  age: 

Celastrus  taurinensis  Ward. 

Cordia?  lowii  Berrv? 

Dillenites  microdentatus  (HoUick)  Berry. 

Euonymxis  splendens  Berry. 

Ficus  harrisiana  Hollick. 

Marchantites  stephensoni  Berry. 

Nectandra  cf.  N.  glenni  Berry. 

Nectandra  sp. 

Oreodaphne  obtusifolia  Berry. 

In  material  from  a  gray  plastic  clay  at  304 
to  319  feet  below  the  surface  in  a  well  at 
Negreet,  9  miles  southwest  of  Many,  Sabine 
Parish,  La.,  I  recognized  the  two  following 
Wilcox  species : 

Pteris  pseudopinnaeformis  Lesquereux. 
Simaruba  eocenica  Berry. 

The  following  plants  were  collected  by  O.  M. 
Ball  at  the  Goss  pit,  half  a  mile  east  of  Mans- 
field, De  Soto  Parisli,  La. : 
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Apocynophyllum  miasieBippiensis  Berry. 

Artocarpoides  balli  Berry. 

Bombacites  formoeus  Berry. 

Dioepyroe  wilcoxiana  Berry. 

Dryopteiis  cladophleboides  Knowlton. 

Dryophyllum  sp. 

Euonymus  splendens  Berry. 

Ficus  artocarpoidee  Lesquereux. 

Ficua  mississippiensis  (Lesquereux)  Berry. 

Inga  laurinafolia  Berry. 

Juglans  schimperi  Lesquereux. 

Laurus  vera  Berry. 

Magnolia  angustifolia  Newberry. 

Magnolia  leei  Knowlton. 

Metopium  wilcoxianum  Perry. 

Oreodaphne  salinensis  Berr>% 

Rhamnus  eoligniticus  Berry. 

Rhamnus  marginatus  Lesquereux. 

Rhamnus  margixxatus  apiculatus  Berry. 

Rhanmites  knowltoni  Berry. 

Sterculia  wilcoxensis  Berrv. 

Sterculiocarpus  eocenicus  Berry. 

Terminal ia  hilgardiana  (Lesquereux)  Berry. 

Terminalia  lesleyana  (Lesquereux)  Berr>^ 

The  following  were  contained  in  a  collection 
from  a  locality  10  miles  south-southwest  of 
Palestine,  Anderson  County,  Tex.,  in  Post  Oak 
Prairie,  2  miles  south  of  Needmore  (collectors, 
O.  B.  Hopkins  and  O.  C.  Funderbunk) : 

Canavalia  eocenica  Berry? 

Lygodium  binervatum  (Lesquereux)  Berry. 

Nectandra  pseudocoriacea  Berry? 

The  following  were  sent  in  by  the  last-named 
collectors  from  the  Butler  (or  West  Point) 
salt  dome,  in  the  eastern  part  of  Freestone 
CJoimty,  near  Trinity  River,  6  miles  northeast 
of  Oakville,  Tex. : 

Mespilodaphne  coushatta  Berry? 
Palmocarpon  butlerensis  Berry. 
Proteoides  wilcoxensis  Berry. 
Sophora  repandifolia  Berry? 
Calatoloides  eocenicum  Berry. 

The  following  localities  in  central  and  south- 
western Texas  deserve  some  special  comment, 
as  no  collections  have  heretofore  been  made 
from  them  and  they  show  conclusively  that 
the  Carrizo  sandstone  is  of  upper  Wilcox  age, 
but  that  it  is  in  the  nature  of  a  lens  which 
becomes  thinner  toward  the  Rio  Grande,  where 
its  upper  part  is  replaced  by  more  typical 
and  more  argillaceous  Wilcox  beds  that  also 
carry  characteristic  fossil  plants. 

Fossil  plants  were  reported  by  Baker  from 
the  Elmendorf  clay  pit,  south  of  San  Antonio, 
in  Bexar  County.  This  pit  was  not  being 
worked  in  1921  and  was  partly  full  of  water, 


about  25  feet  of  grayish  laminated  sandy  clay 
with  local  more  argillaceous  and  darker  lenses 
carrying  leaves  being  ail  that  was  exposed. 
These  leaves  were  poorly  preserved,  and  the 
only  species  recognized  are  Ficus  mississippi- 
ensis (Lesquereux)  Berry,  Nectandra  sp.,  and 
Sapindus  linearifolius  Berry.  The  manager 
of  the  Elmendorf  plant  informed  me  that  the 
clay  formerly  mined  came  from  the  flooded 
part  of  the  pit  and  was  full  of  impressions  of 
leaves. 

The  Wilcox  is  well  exposed  along  Nueces 
River  in  Zavalla  County.  Fossil  plants  were 
collected  from  the  right  bank  1  mile  below  the 
Pulliam  ranch  house.  The  following  species 
are  represented: 

Anona  ampla  Berry. 
Anona  eolignitica  Berry. 
Cyperites  sp.  Hollick. 
Oreodaphne  obtusifolia  Berry. 
Sabalites  grayanus  Lesquereux. 
Sapindus  linearifolius  Berry. 

Sandy  lenses  contain  many  Sabalites,  some  of 
large  size.  One  rachis  of  this  species  observed 
was  2i  inches  in  diameter  at  one  end  and  4 
inches  at  the  other.  These  species  indicate  a 
late  Wilcox  age  and  show  the  transgressive 
character  of  the  beds,  as  the  Midway  appears  to 
be  absent  on  the  Nueces,  the  Wilcox  resting  on 
the  Cretaceous  and  not  far  above  the  con- 
spicuous reef  of  Ostrea  cortex  just  above  the 
San  Antonio,  Uvalde  &  Gulf  Railroad  bridge. 

From  Story^s  ranch  to  La  Pryor  crossing 
there  is  a  long  exposure  of  typical  Wilcox  beds, 
especially  along  the  left  bank  of  the  Nueces  for 
about  2  miles  above  the  crossing.  Fossil 
plants  are  abundant  but  so  poorly  preserved 
that  no  collections  were  made,  although  several 
Wilcox  species  were  recognized. 

From  the  crossing  southward  the  Carrizo 
sandstone  is  exposed.  At  an  outcrop  in  a 
deep  arroyo  along  the  left  bank  1 J  miles  south 
of  the  crossing  there  is  an  exposure  of  about  30 
feet  of  buff  heavily  bedded  and  prominently 
cross-bedded  sand.  At  the  base  of  this  sand 
3  to  4  feet  of  a  small  brownish  clay  lens  is 
visible.  This  lens,  which  is  stratigraphically 
above  the  ferruginous  quartzite  sand  exposed 
at  the  crossing,  is  full  of  leaves.  The  follow- 
ing species,  which  indicate  upper  Wilcox  age, 
were  collected: 

Banksia  puryearensis  Berry. 
Eugenia  grenadensis  Berry. 
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Gleditsiophyllum  eocenicum  Beny. 
Meepilodaphne  couBhatta  Berry. 
Myrcia  vera  Berry. 

Persea  longipetiolatum  (Hollick)  Berry. 
Sabalites  grayanus  Lesquerenx. 

The  type  exposure  of  the  Carrizo  sandstone 
is  in  the  quarries  about  half  a  mile  west  of 
Carrizo  Springs,  in  Dimmit  County.  This,  as 
well  as  the  numerous  other  exposures  of 
Carrizo  and  other  Wilcox  deposits  in  south- 
western Texas,  will  be  described  in  detail  in 
A.  C.  Trowbridge^s  report  on  this  region. 

From  the  Carrizo  sandstone  at  the  type  local- 
ity the  following  species  were  collected: 

Acroetiehum  sp. 
Anona  ampla  Berry. 
Anona  wilcoxiana  Berry. 
Oanavalia  eocenica  Berry? 
Caesia  tennesseensis  Berry. 
Cinnamomum  vera  Berry? 
Dryophyllum  tennesseensis  Berry? 
Ficus  mississippiensis  (Lesquereux)  Berry. 
Nectandra  pseudocoriacea  Berry. 
Oreodaphne  obtusifolia  Berry. 
Oreodaphne  puryearensis  Berry. 
Palmocarpon  butlerensis  Berry. 
Pterobalanus  texanus  Berry. 
Sabalites  grayanus  Lesquereux. 
Sophora  wilcoxiana  Berry. 
Sterculia  wilcoxensis  Berry. 

The  foregoing  list  represents  a  typical  upper 
Wilcox  flora.  Fragments  of  leaves  are  not  at 
all  uncommon  in  the  hard  sandstones  of  the 
Carrizo  and  were  observed  at  a  considerable 
number  of  additional  outcrops,  but  the  hard- 
ness of  the  material  rendered  collecting  diffi- 
cult, and  the  coarseness  of  the  matrix,  which 
obliterated  the  venation,  made  the  determina- 
tions inconclusive.  Nowhere,  however,  did 
these  fragments  suggest  Claiborne  forms,  but 
all  were  believed  to  represent  well-known  up- 
per Wilcox  species. 

Near  the  Rio  Grande  the  Carrizo  sandstone 
becomes  thin  and  is  overlain  by  beds  showing 
more  typical  Wilcox  lithology.  A  section  on 
Concillas  Creek  a  quarter  of  a  mile  above  its 
mouth,  in  Webb  County,  exposes  the  following 
materials : 

Sandstone. 

Brownish  laminated  clay  with  leaves. 

Local  unconformity. 

Ripple-marked  sandstone. 

Clay  parting. 

Sandstone  with  sticks  and  leaf  fragments. 

Gray  clay. 


From  the  brownish  clay  above  the  local  un- 
conformity, not  far  below  the  Wilcox-Mount 
Selman  contact,  the  following  plants  were 
collected : 

Anacardites  grevilleafolia  Berry. 
Banksia  puryearensis  Berry. 
Cassia  marahallensis  Berry. 
Cyperites  sp.  Hollick. 
Inga  wickliffensis  Berry? 
Juglans  schimperi  Lesquereux. 
Mimosites  variabilis  Berry. 
Mimusops  mississippiensis  Berry. 
Myrica  wilcoxensis  Berry. 
Sabalites  grayanus  Lesquereux. 
Sophora  wilcoxiana  Berry. 

From  the  sandstone  two  excellent  speci- 
mens of  Carina  eocenica  Berry  were  collected. 
The  whole  section  is  clearly  upper  Wilcox  in 
age. 

From  Elm  Creek  on  the  Schuddemagen 
ranch,  in  eastern  Uvalde  County,  considerably 
above  the  Cretaceous-Midway  contact  de- 
scribed by  Stephenson,'  a  single  specimen  of 
Rhamnus  c<y*MshaMa  Berry  was  collected.  This 
is  a  typical  upper  Wilcox  form  and  suggests 
that  the  Midway  is  unusually  thin  in  this  sec- 
tion, which  is  in  conformity  with  its  entire  ab- 
sence on  the  Nueces. 

A  systematic  account  of  the  new  or  note- 
worthy species  of  plants  that  have  been  added 
to  the  flora  of  the  Wilcox  group  and  are  dis- 
cussed in  the  present  contribution  is  given 
below. 

Phylum  BBTOPHTTA. 

Class  HEPATICAS. 

Order  MABCHANTriALSS. 

Oenus  MABCHANTITES  Broagiiiart. 

Marchantites  stephenaoni  Berry,  n.  sp. 

Plate  IV,  figure  1. 

Plant  body  thallose,  consisting  of  a  linear, 
repeatedly  dichotomously  forked  thallus  thick- 
ened medianly  and  with  somewhat  irregularly 
placed  oblique  and  transverse  markings,  be- 
lieved to  represent  appressed  rhizoids. 

The  material  is  scanty  and  of  slight  botanic 
importance.  Except  that  the  margins  are 
straighter  the  present  form  is  indistinguishable 
from  Marchantia  sezannensis  Brongniart,'  from 

« Stephenson,  L.  W.,  U.  S.  (Jeol.  Survey  Prof.  Paper  90,  p.  177, 1915. 
*  Saporta,  G.  de,  Prodrome  d'une  flore  fossile  des  trayortixis  andeoa 
de  Suzanne,  p.  308,  pi.  1,  figs.  1-8, 1868. 
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the  Paleocene  of  France,  which  has  the  dis- 
tinction of  having  the  receptacles  preserved 
and  therefore  being  conclusively  identified. 
The  present  form  is  also  much  like  Marchantm 
pealei  Knowlton/  of  the  Fort  Union  formation 
of  Montana. 

Thalloid  liverworts  are  so  rarely  found  in 
the  geologic  record  that  any  of  them  are  note- 
worthy. Similar  remains  are  recorded  from 
several  Jurassic  and  Lower  Cretaceous  out- 
crops both  in  this  country  and  abroad,  and 
several  Eocene  and  Oligocene  species  have 
been  described. 

The  present  species  is  named  for  the  col- 
lector and  comes  from  the  upper  Wilcox  de- 
posits near  Jacksonville,  Pulaski  County,  Ark. 

Phylum  PTEBIDOPHTTA. 

Class  LEPTOSPOBANGIATAE. 

Order  POLTPODIALES. 

Family  POLTPODIACSAE 

Genus  DBTOPTSBIS  Adamson. 

Dryopteris  cladophleboides  Knowlton. 

Plate  IV,  figures  5-7. 

Dryopterisf  cladophlehoides  Knowlton,  U.  S.  Geol.  Survey 
Prof.  Paper  101,  p.  284,  pi.  54,  fig.  1,  1918. 

Frond  pinnate  or  bipinnate.  Pinnae  long, 
linear-lanceolate,  divided  nearly  or  quite  to 
the  rachis  into  numerous  ovate-lanceolate, 
oblong,  or  conical  obtuse  or  acutely  pointed 
pinnules,  with  entire  margms.  Texture  coria- 
ceous. Rachis  stout,  channeled.  Midrib  of 
pinnules  stout,  diverging  from  the  rachis  at 
angles  of  about  65^  to  70°,  curving  slightly 
upward  distad,  its  course  throughout  nearer  to 
the  proxunal  margin  of  the  pinnule.  The 
lateral  veins  are  thin  and  closely  spaced;  they 
diverge  at  wide  angles  and  number  about  16 
pairs.  Those  in  the  tip  of  the  pinnule  are 
simple;  the  majority  are  once  forked;  several 
basal  pairs,  particularly  on  the  proximal  side 
of  the  pinna,  pass  from  a  single  lateral  with 
two  simple  branches  to  a  lateral  with  two 
dichotomous  forks,  as  shown  in  the  accom- 
panying figure.  There  is  some  variation  in  the 
shape  and  degree  of  separation  of  the  pinnules. 

The  specimens  are  five  in  number,  and  none 
are  especially  complete.  All  are  sterile.  The 
pinnae  were  at  least  10  centimeters  in  length, 

*  Knowlton,  F.  H.,  U.  S.  Nat.  Mus.  Proc.,  vol.  35,  pp.  157-159,  pi.  25, 
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and  the  pinnules  are  about  1  centimeter  in 
length  by  about  4  millimeters  in  width  at  their 
base.  There  is  in  the  collection,  however,  a 
tiny  specimen  showing  about  5  millimeters  of 
a  similar  rachis  with  the  impression  of  four 
stout  pinnules.  These  are  slightly  smaller 
than  the  sterile  pinnules  but  have  the  same 
form  and  confluent  bases;  the  midribs  are 
stout;  the  lateral  veins  are  thin  and  fewer  than 
in  the  sterile  pinnules;  about  halfway  between 
the  midrib  and  the  margin  each  lateral  shows 
the  impression  of  a  small,  approximately  circu- 
lar and  prominent  sorus,  and  these  decrease  in 
siae  distad;  there  are  about  six  prominent 
ones  in  each  half  of  the  lamina.  Several  of  the 
proximal  laterals  are  seen  to  be  forked  beyond 
the  sori,  but  the  majority  appear  to  be  simple. 

Although  these  fertile  pinnules  are  not  in 
organic  union  with  the  sterile  parts  of  the 
frond,  their  association  in  a  thin  stratum  at  the 
same  outcrop  and  the  further  fact  that  no  simi- 
lar species  are  known  in  the  whole  Wilcox  flora 
make  it  seem  very  probable  that  both  belong 
to  the  same  form,  and  this  conclusion  is  cor- 
roborated by  their  form  and  attitude,  similar 
rachis,  similar  midrib,  and  lateral  veins. 

The  type  material  of  this  species,  described 
by  Knowlton,  came  from  the  Raton  formation 
of  southeastern  Colorado.  It  was  very  incom- 
plete, with  the  venation  obscured.  There 
seems  to  be  no  doubt,  however,  that  the  Wilcox 
occurrence  represents  the  same  species,  a  type 
of  fern  hitherto  unknown  in  the  Wilcox  flora,  in 
which  ferns  are  unusually  scarce. 

Both  the  sterile  and  fertile  pinnules  are  simi- 
lar to  those  of  certain  species  of  AlsophUa  and 
Cyathea,  and  they  are  practically  identical  with 
a  number  of  existing  species  of  Dryopteris^  as 
for  example  Dryopteris  condnnum  Mettenius, 
D,  moUe  Swartz,  and  D.  pteroides  Swartz.  I 
can  see  no  reason  for  questioning  their  reference 
to  Dryopteris. 

The  genus  Dryopteris  is  a  large  one  in  the 
modem  flora,  with  more  than  1,000  species 
variously  segregated  or  aggregated  by  students 
of  existing  ferns  in  the  genera  Lastrea,  Nephro- 
dium,  Phegopterisj  PolybotryOj  and  Dryopteris. 
Christensen  ^  unites  them  all  in  a  single  genus 
divided  into  10  subgenera,  many  of  which  are 
entitled  to  generic  rank,  as  I  have  pointed  out 
several  times  in  describing  Tertiary  species  of 

^  Christensen,  C,  On  a  natural  classification  of  the  species  ol Dryopteri»'. 
Saertrj'-k  af  Biologiske  Arbeijdner  Tilegnede  E.  Warming,  pp.  73-85, 191^ 
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Oaniopteris,  of  which  there  is  a  very  characteris- 
tic fonn  in  the  Claiborne.^  The  dryopterids  are 
widely  distributed  and  mainly  tropical,  although 
Christensen's  subgenus  Eudryopteris,  with  about 
100  species,  is  largely  confined  to  the  North 
Temperate  Zone. 

Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 

Genus  ACBOSTICHTJM  Llnnfi. 
Acrostichum  sp. 

This  characteristic  fern  genus  is  represented 
in  the  Wilcox  by  a  single  fragment,  too  small 
for  determination  or  description  but  showing 
the  areolation  of  this  genus.  It  is  a  strand 
type  well  represented  in  the  Claiborne,  Jack- 
son, and  Catahoula  of  the  embayment  area, 
and  its  unaccountable  absence  among  the 
strand  types  in  the  Wilcox  was  the  occasion 
for  comment  in  the  former  discussions  of  this 
flora.  The  present  fragment  adds  this  in- 
teresting type  to  the  Wilcox  flora  and  raises 
the  nimiber  of  fern  species  known  in  this 
flora  to  eight. 

Occurrence:  Carrizo  sandstone,  half  a  mile 
west  of  Carrizo  Springs,  Dimmit  County,  Tex. 

Phylum  CONIFX&OPHTTA. 

Order  FINALES. 

FamUy  TAZODIACEAE. 

Genus  CXTPBSSSINOXYLON  Ooeppert. 

[MoDographie  der  foesilen  Coniferen,  p.  196,  1850.] 

ConiferouB  wood  composed  of  tracheids  and  xylem  paren- 
ch>ina  only.  In  the  tracheid  walls  the  pits  are  generally 
round,  bordered,  and  isolated,  in  one  row;  if  in  two  rows 
the  pits  stand  in  adjacent  pairs  and  are  not  alternating  or 
compressed.  Sanio's  rims  often  conspicuous.  Normal 
resin  canals  entirely  absent.  Resin  containing  xylem 
parenchyma  present,  generally  in  large  quantities,  and 
scattered  all  through  the  wood.  Medullary  raj-B  unise- 
riate;  a  few  may  be  partly  biseriate.  The  cells  of  the  rays 
all  alike,  generally  smooth-walled,  and  without  abietinean 
pitting  (which  is  present  in  a  few  species) ;  pits  in  the  radial 
walls  of  the  rays  generally  circular  or  oval,  simple,  small, 
and  in  groups  of  one  to  six,  seldom  more,  per  tracheid 
field." 

Cupressiiipxylon  wilcoxense  Berry,  n.  sp. 

Plates  I-III. 

Trunks,  many  of  them  of  large  size,  prere- 
senting  this  species  are  extremely  common  in 

•  Berry,  E.  W.,  Torrey  Bot.  Club  Bull.,  vol.  44,  pp.  331-33:),  pi.  22, 1917. 
'  Slopes,  M.  C,  The  Cretaceous  flora:  British  Mus.  Cat.,  pl.2,  p.  167, 
1915. 


the  upper  Wilcox  sands  of  Louisiana.  They 
have  in  general  suffered  much  from  decay  be- 
fore silicificationy  but  some  specimens  are  ex- 
ceedingly well  preserved.  They  are  remarkable 
chiefly  for  the  great  variation  in  the  width  of 
the  zone  of  spring  wood  and  the  well-marked  or 
almost  complete  absence  of  summer  wood. 
Thus  in  the  sections  figured  the  zone  of  spring 
wood  ranges  from  5  or  6  radial  rows  of  tracheids 
to  23  or  24  rows,  while  the  summer  wood  con- 
sists of  3  or  4  rows.  In  other  specimens,  no- 
tably two  (Nos.  206,  211)  from  the  vicinity  of 
Naborton,  La.,  the  spring  wood  consists  of  45  to 
70  radial  rows  of  tracheids  of  imif  orm  size  sepa- 
rated by  two  rows  of  summer  wood  in  which 
the  size  of  the  tracheids  or  the  cell  lumen  is  so 
slightly  reduced  that  a  seasonal  change  is 
scarcely  marked.  These  woods  all  come  from 
the  same  horizon,  and  their  variation  can  not 
be  explained  by  the  well-known  diflFerences  in 
the  annual  rings  of  upland  and  lowland  forms 
of  the  same  species  of  conifers,  for  it  is  known 
that  the  Wilcox  land  surface  was  low,  the  near- 
est uplands  at  that  time  being  in  the  Rocky 
Mountain  region.  It  is  of  course  possible  that 
the  present  species  extended  its  range  westward 
through  Colorado  and  that  some  of  these  large 
trunks  may  have  been  brought  down  from  the 
west  by  river  floods,  for  at  the  present  time 
Red  River  reaches  nearly  to  the  New  Mexico 
boundary,  and  the  headwaters  of  Arkansas 
River  reach  the  foothills  of  the  Sangre  de 
Cristo  Mountains  and  the  Front  Range  in 
central  and  southern  Colorado.  In  general  the 
best-preserved  material  shows  the  narrower 
and  more  marked  growth  rings,  but  both  types 
are  found  in  all  stages  of  decay,  so  that  no 
reliable  conclusions  can  be  drawn. 

Transverse  section:  Growth  rings  feebly  de- 
veloped or  well  marked,  variable  in  width  in 
individual  specimens.  Spring  wood  of  rela- 
tively large,  thin-walled,  mostly  isodiametric 
tracheids  and  xylem  parench3rma,  the  two 
elements  not  distinguishable  in  this  section, 
arranged  in  radial  rows  of  5  to  70  cells,  aver- 
aging 10  or  12.  Cell  outlines  roimd  with 
wide  limien;  diameter  variable  for  different 
radial  rows  but  in  general  uniform  for  each 
row,  ranging  from  0.025  to  0.975  millimeter. 
Summer  wood  consisting  of  two  to  four  rows  of 
somewhat  reduced  tracheids  with  narrower 
lumen  or  in  some  specimens  scarcely  reduced 
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or  narrowed  and  consisting  of  only  one  or  two 
rows  of  cells. 

Radial  section:  Tracheids  with  one  or  two 
rows  of  mostly  well-spaced  circular-bordered 
pits.  When  in  single  rows  the  pits  are  some- 
what larger,  and  when  in  double  rows  the  pits 
are  almost  invariably  in  pairs,  although  occa- 
sionally they  may  alternate  for  a  short  distance, 
as  in  the  specimen  figured;  usually  well- 
spaced  occasional  rows  are  in  contact,  as  shown 
in  the  figure.  The  rims  of  Sanio  are  often 
prominently  shown  in  the  sections  of  the  tan- 
gential walls.  The  septate  xylem  parenchyma 
is  conspicuous  in  this  section,  the  partitions 
being  at  right  angles  to  the  walls  and  from 
three  to  four  times  the  diameter  or  slightly 
farther  apart,  usually  containing  more  or  less 
resin.  The  diameter  of  the  xylem  parenchyma 
is  about  the  same  as  that  of  the  tracheids  but 
may  be  slightly  greater.  It  is  not  excessively 
abimdant,  as  in  some  other  species  of  Cupres- 
sinoxyhn,  nor  is  it  generally  completely  filled 
with  resin.  No  traumatic  or  other  resin  canals 
are  observable.  Ray  cells  uniform  in  character 
seem  to  be  radially  elongated,  with  a  radial 
length  of  1 J  to  2  tracheid  fields  and  a  height 
about  one-fourth  their  length.  End  walls 
smooth  (without  abietinean  pitting),  mostly 
transverse  and  rarely  much  oblique;  one  or 
more  in  each  ray  partly  resiniferous;  radial 
walls  with  two  small  oval  pits  per  tracheid 
field;  these  pits  are  relatively  large  for  this 
genus  and  appear  to  have  their  long  axis 
uniformly  inclined  about  40*^  from  the  vertical. 

Tangential  section:  The  distribution  and 
relative  abundance  and  variation  in  the  rays 
are  well  shown  in  the  figure  of  a  large  area 
imder  low  magnification  (20  diameters).  The 
rays  are  uniformly  uniseriate,  of  relatively 
large,  thin-walled,  roundish  quadrangidar  cells, 
one  or  more  of  which  may  be  resiniferous;  they 
range  in  height  from  2  to  17  cells  and  consist 
prevailingly  of  alternations  of  rays  2  to  4  cells 
high  with  those  of  rays  6  to  8  cells  high.  There 
are  rarely  four  rows  of  tracheids  between 
adjacent  rays,  the  normal  number  being  two. 
The  xylem  parenchyma,  as  in  the  radial  sec- 
tions, is  generally  bordered  by  rays.-  The 
tangential  walls  of  the  tracheids  are  marked 
with  circular-bordered  pits  about  one-half  the 
size  of  the  pits  on  the  radial  walls.  These  pits 
are  usually  in  a  single  row  and  well  spaced,  but 


they  may  be  in  juxtaposition  for  a  short  dis- 
tance or  in  double  rows,  either  in  pairs  or 
alternating  for  short  distances,  as  shown  in  the 
enlarged  figure.  In  this  section  the  rotted  and 
spirally  fractured  walls  of  the  tracheids  are  very 
obvious,  and  care  is  necessary  to  distinguish 
them  when  in  this  condition  from  normal 
spirally  thickened  tracheids,  which  are  not 
present  in  this  genus.  In  this  section  the 
cross  sections  of  the  bordered  pits  of  the  radial 
walls  of  the  tracheids  often  come  out  beauti- 
fully, and  they  can  even  be  seen  in  the  figure 
enlarged  but  20  times. 

This  weU-marked  species  is  perfectly  dis- 
tinct from  Cupressinoxylon  callij  described  by 
Knowlton  *  from  material  collected  in  beds  of 
possible  Wilcox  age  in  Arkansas.  It  also 
appears  to  be  unlike  the  rather  numerous  de- 
scribed species  of  Cupressinoxylon  from  other 
horizons  or  areas.  The  incompleteness  of 
large  numbers  of  the  descriptions  of  pre- 
viously known  forms  renders  detailed  com- 
parisons futile.  The  distinction  between  the 
present  species  and  those  forms  of  fossil  wood 
referred  to  the  genus  Podocarpoxylon  Gothan, 
as  amended  by  Stopes  ®  to  include  Go  thanks 
Podocarpoxylon  and  PhyUocladoxylonj  are  not 
especially  obvious  and  rest  on  the  size,  form, 
and  number  of  the  pits  on  the  radial  walls  of 
the  ray  cells,  which  are  larger,  fewer,  and  more 
eccentric  in  Podocarpoxylon,  More  recently 
Seward  ^®  has  proposed  the  form  genus  Mesem- 
brioxylon  for  these.  These  differences  are  all 
relative  and  hardly  generic  in  character,  as  a 
series  of  species  can  be  selected  which  connect 
the  extremes. 

In  the  present  state  of  our  knowledge  of  wood 
anatomy,  even  among  the  comparatively  well 
known  group  of  conifers,  it  is  not  feasible  to 
attempt  to  point  out  the  most  closely  aUied 
existing  representative  of  the  present  species. 

The  genera  Olyptostrobus  and  Tdxodium  are 
represented  by  foliage  and  seeds  in  the  Wilcox, 
and  it  may  well  be  that  this  abimdant  wood 
type  represents  one  or  the  other  of  these 
genera. 

Occurrence:  Caddo  and  De  Soto  parishes, 
La.     Figured  specimens,  northwest  corner  sec. 


»  Knowlton,  F.  H.,  Arkansas  State  Geologist  Ann.  Kept,  for  1889, 
yol.  2,  p.  254,  pi.  9,  ngs.  3-7,  1.S91. 

»  Stopes,  M.  C,  The  Cretaceous  flora:  British  Mus.  Cat.,  pt.  2,  p.  210, 
1915. 

»o  Seward,  A.  C  Fossil  plants,  vol.  4,  p.  173, 1919. 
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36,  a  quarter  of  a  mile  south  of  Slaughter  Pen 
Bluff,  Caddo  Lake  (201) ;  Shreveport  (210,  269). 
Other  specimens,  Slaughter  Pen  Bluflf,  Caddo 
Lake  (203) ;  6  miles  southeast  of  Naborton  (205, 
206) ;  4^  miles  southeast  of  Naborton  (216) ;  4 
miles  southeast  of  Naborton  (208) ;  3  miles  south- 
east of  Naborton  (209, 2 11)  ;  2|inilessoutheastof 
Naborton  (204) ;  1  mile  southeast  of  Naborton 
(268) ;  half  a  mile  southeast  of  Naborton  (213) ; 
6  miles  southeast  of  Mansfield  (270) ;  1^  miles 
north  of  Mansfield  (260). 

Phylum  ANGIOSPEBMOPHYTA. 

Glass  MONOCOTTLEDONAE. 

Order  ABECALES. 

Family  AKECACEAE. 

Genus  PALMOCABPON  Lesquereuz. 

Palmocarpon  butlerensis  Berry,  n.  sp. 

Plate  IV,  %ure8  2-4. 

Fruit  apparently  a  small,  thin-fleshed  drupe, 
in  form  a  prolate  spheroid — the  long  diameter 
less  than  one-half  greater  than  the  short  di- 
ameter. Varying  considerably  in  size.  Sur- 
face of  the  stone  dark  in  color  (possibly  a 
secondary  feature) ,  conspicuously  papillose. 
Hilum  large.  Minimum  dimensions  4  by  5 
millimeters;  maximum  14  by  18  millimeters. 
Abundant  but  generally  slightly  deformed. 
Specific  name  in  allusion  to  the  name  of  the 
salt  dome  from  which  the  material  was  col- 
lected. 

This  form  is  very  similar  to  Palmocarpon 
truncaium,  from  Golden,  Colo.,  described  by 
Lesquereux  in  1878  and  supposed  to  have 
come  from  the  Denver  formation.  There  is  the 
same  variation  in  size  in  both,  and  although 
Lesquereux  makes  the  flattening  of  the  Grolden 
specimens  a  specific  character  this  is  of  doubt- 
ful validity,  as  he  states  that  the  specimens 
were  generally  crushed.  I  would  have  referred 
these  Wilcox  fruits  to  Palmocarpon  truncalum 
except  for  the  definite  and  repeated  statement 
by  Lesquereux  that  the  Golden  form  was 
smooth,  which  the  Wilcox  form  is  not.  In  any 
event  the  two  are  closely  related.  Lesque- 
reux "  compared  the  Golden  forms  with  the 
fruits  of  the  existing  Sahal  mexicana  Martins, 
and  similarly  the  Wilcox  fruits  may  be  those 
of  Sahal,    Leaves  of  Sahalites  grayanus  Lesque- 

u  I.»esquereux,   Leo,  The  Tertiary  flora:  U.  S.  Oeol.  Survey  Terr. 
Rept.,  vol.  7,  p.  120,  pi.  11,  figs,  e-9,  1878. 


reux  are  widespread  in  the  Wilcox,  but  they 
are  not  conclusively  known  to  be  related  to 
Saial,  Moreover,  very  many  modem  palms 
have  racemes  of  small  fruits  very  similar  to  th« 
present  fossils.  To  mention  but  a  few  famiUar 
existing  species  with  fruits  very  close  to  the 
fossil  I  may  cite  our  dwarf  saw  palmetto, 
Serenoa  serrulaia  (Michaux)  Hooker;  the  royal 
palm,  Roystonea  regia  (H.  B.  K.)  Cook;  the 
goose-neck  palmetto,  Sabal  etonia  Swingle; 
and  the  cabbage  palmetto,  Sahal  palmetto 
(Walter)  Roemer  and  Schultes. 

Occurrence:  Butler  salt  dome,  6  miles  north- 
east of  Oakville,  Freestone  Coimty,  Tex.;  4 
miles  southwest  of  Boydsville,  Ark.;  Carrizo 
sandstone  half  a  mile  west  of  Carrizo  Springs, 
Dimmit  County,  Tex. 

Class  DICOTTLEDONAE. 

Order  XTBTIGALES. 

FamUy  MOBACEAJS. 

Qenns  ABTOCABPOIDES  Saporta. 

Artocarpoides  balli  Barry,  n.  sp. 

Plate  IV,  figures  8-10;  Plate  V. 

Leaves  of  variable  size,  ovate,  with  a  broadly 
roimded  base,  which  is  sometimes  slightly 
inequilateral,  and  a  narrowed  and  apiculate 
tip.  Margins  entire,  slightly  undulate.  Tex- 
ture subcoriaceous.  Petiole  invariably  missing. 
Midrib  stout,  very  prominent  on  the  lower 
surface  of  the  leaf.  Secondaries  stout  and 
prominent,  9  to  15  pairs,  opposite  to  alternate, 
approximately  equally  spaced  and  subparallel, 
the  basal  one  or  two  pairs  at  right  angles  to  the 
midrib,  becoming  regularly  more  ascending 
toward  the  upper  part  of  the  leaf,  relatively 
straight  at  fii^t,  becoming  curved  in  the  mar- 
ginal  region  and  eventually  camptodrome  close 
to  the  margins.  Tertiiaiies  well  marked,  closely 
spaced,  percurrent.  Areolation  well  marked, 
quadrangular. 

The  smallest  leaves  referred  to  this  species 
are  only  4  centimeters  in  length  and  2  centi- 
meters in  maximum  width;  the  largest  is  24 
centimeters  in  length  and  10  centimeters  in 
maximum  width.  There  are  six  specimens  of 
various  sizes  in  the  collection,  and  all  preserve 
their  specific  features  unchanged.  The  type 
is  well  marked  and  clearly  different  from  pre- 
viously described  members  of  the  Wilcox 
flora.     A  species  from  Puryear,   Tenn.,   was 
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described  as  Artocarpoides  wUcoxensis.^^  This 
was  more  elliptical  in  outline,  widest  medianly 
and  pointed  at  both  ends,  with  fewer,  thinner 
secondaries,  less  closely  set  tertiaries,  and  more 
open  areolation. 

The  genus  Artpcarpoides  was  founded  by 
Saporta  for  certain  forms  from  the  Paleocene 
of  Sfizaime,  France,  that  he  compared  with  the 
existing  entire-leafed  species  of  Artocarpus, 
which  they  really  greatly  resemble.  Schenk  " 
considered  them  to  be  related  to  the  Juglanda- 
ceae,  but  I  fail  to  see  any  basis  for  this  com- 
parison. Among  the  French  forms  a  consider- 
able resemblance  to  the  present  species  is 
shown  by  Artocarpoides  conocephaloidea  Sa- 
porta," a  relatively  small  form,  and  a  very 
great  resemblance  by  Protqficus  sezannensis  Ssl- 
porta  ^*  and  P.  insignis  Saporta.*'  Among 
existing  forms  of  Moraceae  considerable  re- 
semblance is  also  shown  by  the  tropical  Ameri- 
can genus  Brosimum  Swartz,  which  ranges  from 
the  West  Indies  and  Central  America  to  Brazil, 
and  the  tropical  American  genus  Coussapoa 
Aublet,  which  has  about  15  existing  species 
with  a  similar  range  and  which  is  found  fossil 
in  the  Tertiary  of  Venezuela,  southern  Mexico 
(Miocene  and  Pliocene),  and  Bolivia.  For  ex- 
ample, the  present  species  resembles  a  tropi- 
cal American  leaf  figured  by  Ettingshausen  and 
called  Ariocarpus  rigida  LinnS.  Whether 
Sttingshausen  confused  the  oriental  Artocarpua, 
rigida  of  Blume  or  whether  his  leaf  was  an 
American  species  of  Coussapoa  or  some  related 
genus  I  do  not  know,  nor  is  it  material,  for  in 
any  case  the  resemblance  between  the  fossil 
and  certain  recent  Moraceae  is  emphasized. 

It  is  possible  that  these  Wilcox  forms  are 
more  closely  related  to  these  last-named  genera 
than  they  are  to  Ariocarpus,  but  they  are 
surely  referable  to  the  Moraceae. 

The  present  species  is  named  for  the  col- 
lector, Prof.  O.  M.  Ball. 

Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 

»  Berry,  E.  W.,  U.  S.  Qtoi.  Siurey  Prof.  Paper  01,  p.  194,  pi.  109, 
fig.  5, 1016. 
M  Schenk,  August,  Palaeophytologie,  pp.  451,  477, 1890. 
>4  Saporta,  O.  de,  op.  cit.,  p.  68,  pi.  7,  fig.  6, 1868. 
i>  Idem,  p.  67,  pi.  6,  fig.  1. 
>•  Idem,  p.  68,  pi.  6,  figs.  2-4. 


Genus  HCXJS  IJXnsct. 
Flcns  mississippieiisis  (Lesquereux)  Berry. 

Plates  VI,  VII,  and  VIII. 

Cinnanumium    misaissippieiMis    Lesquereux,    in    Dana, 

Manual  of  geology,  Ist  ed.,  p.  513,  fig.  794,  1866; 

Am.  Philos.  Soc.  Trans.,  vol.  13,  p.  418,  pi.  19, 

fig.  2,  1869. 
Knowlton,  Am.  Geologist,  vol.  16,  p.  308,  1895;  U.  S. 

Geol.  Survey  Prof.  Paper  101,  p.  320,  pi.  89,  fig.  2, 

1917. 
Berry,  U.  S.  Geol    Survey  Prof.  Pai)er  91,  p.  298, 

pi.  37,  fig.  2,  1916. 
Ficus  planicostata  Lesquereux,  U.  S.  Geol.  and   Geog. 

Survey  Terr.  Ann.  Rept.  for  1872,  p.  393,  1873; 

Tertiary  flora,  p.  201,  pi.  31,  figs.  1-8,  10-12,  1878. 
?Newberry,  U.  S.  Geol.  Survey  Mon.  35,  p.  88,  pi.  46, 

fig.  1,  1898. 
Cockerell,  Colorado  Univ.  Studies,  vol.  7,  p.  151, 1910. 
Ficus  clintoni  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 

Terr.  Ann.  Rept.  for  1872,  p.  393,  1873. 
Ficus  planicostata  goldiana  Lesquereux,  idem  for  1873, 

p.  399,  1874;  Tertiary  flora,  p.  202,  pi.  33,  figs.  1-3, 

1878. 
Ficus  psevdopopulus  Lesquereux,  U.  S.  Geol.  and  Geog. 

Survey  Terr.  Bull.,  vol.  1,  p.  387, 1875;  idem,  Ann. 

Rept.  for  1874,  p.  313,  1876;  Tertiary  flora,  p.  204, 

pi  34,  figs,  la,  2. 
Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  200,  pi.  37, 

figs.  3-5;  pi.  113,  fig.  3,  1916. 
Knowlton,  U.  S.  Geol.  Survey  Prof.  Paper  101,  p.  304, 

pi.  72,  figs.  2-4;  pi.  73,  figs.  1,  2;  pi.  112,  fig..3, 1918. 
Ficus    ocdderUalis    (Lesquereux)    Lesquereux,   Tertiary 

flora,  p.  200,  pi.  32,  fig.  4,  1878;  Mus.  Comp.  Zool. 

Bull.,  vol.  16,  p.  50,  1888. 
Penhallow,    Report   on  Tertiary  plants  of   British 

Columbia,  p.  55,  1908. 
Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  pp.  121, 

197,  pi.  28,  fig.  3,  1916. 
Knowlton,  U.  S.  Geol.  Survey  Prof.  Paper  101,  p.  331, 

pi.  72,  fig.  1,  1918. 
Domheyopsis  ocddentalis  Lesquereux,   U.  S.  Geol.  and 

Geol.  Survey  Terr.  Ann.  Rept.  for  1872,  p.  380, 1873. 
Ficus  planicostata  clintoni  Knowlton,  U.  S.  Geol.  Survey 

Bull.  152,  p.  103,  1898;  U.  S.  Geol.  Survey  Prof. 

Paper  191,  p.  303,  pi.  76,  fig.  3, 1918. 
Ficus  planicostata  latifolia  Lesquereux,  U.  S.  Geol.  and 

Geog.  Survey  Terr.  Ann.  Rept.  for  1872,  p.  393, 

1873;  Tertiary  flora,  p.  202,  pi.  31,  fig.  9,  1878. 
Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  199, 1916. 
Ficus  latifolia  Knowlton  (not  Kunth,  1846),  U.  S.  Geol. 

Survey  Bull.  152,  p.  102,  1898;  U.  S.  Geol.  Survey 

Prof.  Paper  101,  p.  304,  1917. 
Ficus  cockerelli  Knowlton,  U.  S.  Geol.  Survey  Bull.  696, 

p.  273, 1919. 
Ficus  planicostata  maxima  Berry,  U.  S.  Geol.  Survey  Prof. 

Paper  91,  p.  199,  pi.  34,  fig.  3, 1916. 
Ficus  planicostata  Lesquereux.    Hollick,  Louisiana  Geol. 

Survey  Special  Rept.,  p.  282,  pi.  36,  1888. 
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Ficus  neoplanicoUcEta  Knowlton,  U.  S.  Geol.  Survey  Prof. 

Paper  101,  p.  303,  pi.  73,  fig.  4;  pi.  74,  figs.  2,  3;  pi. 

76,  fig.  4, 1918. 
Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  198, 

pi.  114,  fig.  1, 1916. 
Ficu9  riehardsoni  Knowlton,  U.  S.  Geol.  Survey  Prof. 

Paper  101,  p.  305,  pi.  76,  fig.  1,  1918. 

It  would  seem  that  if  the  systematic  work  of 
paleobotany  is  to  be  made  available  for  the 
general  purposes  of  geology  and  botany  the 
paleobotanist  must  take  the  time  to  coordinate 
and  digest  the  results  of  the  work  on  local 
floras.  There  are  certain  general  principles 
that  should  guide  workers  in  founding  new 
species,  and  I  am  thoroughly  in  accord  with 
the  principle  which  holds  that  analysis  shoidd 
precede  synthesis,  and  that  in  describing  speci- 
mens from  a  new  horizon  or  a  remote  geo- 
graphic locality  the  presumption  should  pre- 
vail that  they  are  distinct  from  previously 
described  forms  unless  identity  can  be  con- 
clusively shown.  Likewise  there  are  certain 
forms  in  a  different  category,  long  known  and 
hence  not  susceptible  of  this  treatment — ^for 
example,  Podozamitea  lanceolatus,  Asplenium 
dicksonianum,  or  Sequoia  reicheribachi — which 
are  obviously  composite  and  yet  which  do  not 
offer  any  criteria  for  segregation  other  than 
those  of  a  stratigraphic  nature.  These  forms 
may  well  remain  as  they  are  until  the  progress 
of  knowledge  enables  the  paleobotanist  to 
treat  them  in  a  scientific  manner. 

In  a  recent  study  of  a  lai^e  and  well-pre- 
served collection  from  the  Wilcox  near  Mans- 
field, La.,  I  have  been  profoundly  impressed 
with  the  graded  variability  in  the  leaves  of 
certain  genera,  particularly  Ficus  and  Rhamnus. 
In  my  report  on  the  flora  of  the  Wilcox  group, 
published  in  1916,  18  different  species  of  Ficus 
were  recognized,  and  in  Knowlton's  recently 
published  report  on  the  flora  of  the  Raton 
formation  17  species  of  Ficus  are  recognized. 
In  both  works  the  comparisons  made  appear 
legitimate,  but  in  neither,  apparently,  had  the 
broader  question  of  interrelationship  in  the 
genus  received  adequate  consideration.  To 
revert  to  the  representation  of  Ficus  in  the 
Wilcox  flora:  Of  the  18  identified  forms  a 
reexamination  appears  to  confirm  the  validity 
of  13  beyond  question.  The  remaining  five 
species,  which  were  identified  as  Ficus  neo- 
plamcostdtaf  pseudopopuluSf  planicostata  maxi- 
rruif    ocddentalis,    and    denveriaTuif    represent 


ovate  types  with  three  basilar  or  subbasilar 
primaries  and  percurrent  tertiaries.  As  spar- 
ingly represented  in  the  original  collections  each 
showed  a  certain  individuality,  but  in  the  later 
collection,  where  they  are  abundant,  they  show 
every  gradation  in  size  and  in  the  ratio  of  width 
to  length. 

I  do  not  consider  it  possible  to  maintain 
specific  boundaries  in  this  series,  although  the 
extremes  of  size  or  of  short-elliptical  or  long 
and  narrow  ovate-acuminate  outline  are  strik- 
ingly different  in  aspect. 

This  polymorphism,  or  better  termed  vari- 
ability, led  to  the  assembling  of  all  the  pub- 
lished figures  of  the  so-called  species  enumer- 
ated in  the  foregoing  synonymy.  It  was  found 
that  these  forms  had  been  described  at  different 
times  by  different  workers  and  that  the  criteria 
of  separation  were  as  follows: 

1.  Size. 

2.  Relative  proportions  of  width  to  length. 

3.  Shortening  or  lengthening  of  the  apex. 

4.  Character  of  baae  ranging  from  various  degrees  of 
cuneate  through  truncate  to  slightly  cordate. 

5.  Number  and  spacing  of  the  secondaries. 

6.  Position  of  the  primaries,  whether  basilar,  subbasilar, 
or  suprabasilar. 

In  all  the  species  the  general  facies  and 
tertiary  venation  remain  identical  throughout. 
It  might  be  argued  that  these  represent 
generic  features  and  that  the  foregoing  criteria 
of  separation  are  legitimate  specific  features. 
It  may  be  noted,  however,  that  most  of  the 
featiires  enumerated  above  are  interrelated 
and  dependent  upon  the  proportions  of  the 
leaves,  and  it  may  also  be  noted  that  leaves 
which  are  normally  large  at  maturity  reach 
that  normal  size  by  growth,  so  that  mere 
smallness  is  not  a  specific  character.  However, 
I  will  not  quarrel  with  my  colleagues  who 
prefer  to  keep  the  species  listed  in  the  fore- 
going synonymy  distinct — the  relationships 
sketched  below  hold  good,  whatever  cate- 
gories are  used.  Some  will  doubtless  incline 
to  consider  them  varieties  of  a  single  botanic 
species,  but  I  can  only  think  of  them  as  varie- 
ties in  the  praenuntial  or  formative  state,  with 
the  intermediate  steps  not  yet  extinct,  and 
it  seems  to  me  that  all  could  probably  have 
been  found  on  a  single  lower  Eocene  tree. 
Were  they  ever  found  unassociated  there 
might  be  some  justification  for  maintaining 
their  distinctness,  but  wherever  adequate  col- 
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lections  are  available,  whether  it  be  from  the 
Denver  formation,  the  Raton  formation,  or 
the  Wilcox  group,  all  or  nearly  all  the  forms 
are  found  associated  in  the  same  stratum. 
Fifteen  to  twenty  species  of  a  single  genus  do 
not  grow  together  in  nature. 

If  these  forms  are  considered  to  represent  a 
single  variable  species,  then  the  earliest  name 
available  is  misnsaippiensia,  given  by  Les- 
quereux  to  what  he  regarded  as  a  species  of 
CHmutmomum.  It  is  true  that  this  form  was 
rather  small  in  size,  but  the  type  is  no  longer 
in  existence  and  the  later  material  identified 
as  this  species  is  larger.  For  example,  the  form 
so  named  in  the  Raton  flora  is  identical  with 
the  associated  forms  referred  to  Ficus  psevdo- 
popyliLS,  The  type  of  this  last-mentioned 
species  was  also  based  on  small  forms,  which 
do  not,  however,  differ  in  any  essential  respect 
from  the  larger  leaves  later  determined,  and 
the  maximum  of  size  and  elongation  is  furnished 
by  the  forms  from  the  Wilcox  figured  in  the 
present  contribution.  I  have  not  included 
Ficu8  denveriana  in  the  foregoing  synonymy, 
as  it  prevailingly  lacks  the  three  primaries  and 
is  pinnate  veined.  However,  certain  speci- 
mens so  called  appear  to  belong  here,  as,  for 
example,  the  specimen  shown  in  figure  5  on 
Plate  XXXIII  of  Lesquereux's  ''Tertiary 
flora. '' 


mississippieTms  would  be  the  transformation 
of  the  basal  secondaries  into  lateral  primaries. 
As  triveined  forms  of  Ficus  are  not  imcom- 
mon  in  the  Upper  Cretaceous  the  ancestral 
stock  of  Ficus  missiasippiensis  may  go  back  to 
some  such  form  as  Ficus  ovatifolia  Berry,  of 
the  Coastal  Plain  Cretaceous,  or  Ficus  prue- 
trinervis  Knowlton,  of  the  Vermejo  formation, 
and  Ficus  denveriana  may  be  unrelated  or  else 
represent  the  transformation  of  lateral  pri- 
maries into  basal  secondaries. 

Discussion  may  be  eliminated  by  presenting 
the  supposed  interrelationship  diagrammati- 
cally  in  terms  of  the  specific  names  of  the 
above  synonymy,  as  follows: 

planicofltata 


planicostata  maxima 


occidentalis 


neoplanicoetata 


peeudopopulus 


The  maxima  of  these  two  lines  of  variation 
are  shown  in  the  accompanying  figures,  and 
no  detailed  description  of  them  is  regarded  as 
necessary.  A  statement  regarding  the  recorded 
geographic  and  geologic  range  of  the  species 
may  not,  however,  be  out  of  place.  This  may 
be  presented  in  tabular  form,  as  follows : 


Cinnamomum  misBiBBippiensifl. 

Ficus  planicostata 

Ficus  pseudopopulufi 

Ficus  occidentalis 

Ficus  planicostata  maxima 

Ficus  neoplanicostata 

Ficus  richardsoni 


Laramie. 


WUcox. 


X 


X 

(?) 

X 

X 

X 

X 


Raton. 


Post- Laramie, 

Black  Buttes 

ooal  group,  or 

Evanston. 


Clamo. 


Denver. 


X 

X 
X 
X 
X 
X 
X 


X 
X 


(?) 


X 
X 


Ficus  planicostata  Lesquereux  represents 
variants  with  a  foreshortened  apex,  although 
the  smaller  leaves  of  this  so-called  species  as 
figured  by  Lesquereux  are  indistinguishable 
from  the  small  leaves  of  Ficus  neoplanicostata 
figured  by  Knowlton. 

If  the  central  stock  of  this  variable  species 
is  considered  to  have  been  an  elliptical-ovate 
penniveined  form  similar  to  the  typical  Ficus 
denveriana  Cockerell  or  to  the  young  leaves 
referred  to  Ficus  neoplanicostata,  then  the 
assumption  of  the  specific  character  of  FictLS 


It  may  be  noted  that  only  one  of  these 
species,  namely,  F,  planicostata,  is  recorded 
from  a  pre-Tertiary  horizon,  and  that  all  are 
foimd  associated  in  both  the  Wilcox  and  Raton 
floras,  Ficus  ricJiardsoni  Knowlton  of  the  Raton 
not  being  an  exception  to  this  statement,  for  it 
is  obviously  identical  with  Ficus  pseudopopulu3. 
Occurrences  in  the  Wilcox  range  throughout 
the  group  and  are  as  follows : 

Ackerman  formation:  Raglans  Branch,  Lafayette  Coun- 
ty, Mias. ;  Colemans  Mill,  Choctaw  County,  Mjas.;  Hurleys, 
Benton  County,  Miss. 
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Upper  Wilcox:  Shreveport,  Caddo  Parish,  La.;  Mans- 
field, Naborton  and  vicinity,  De  Soto  Parish,  La.;  Old 
Port  Caddo  Landing,  Harrison  County,  Tex.;  Elmendorf 
clay  pit,  Elmendorf,  Bexar  County,  Tex.;  Canizo  sand- 
stone half  a  mile  west  of  Carrizo  Springs,  Dinmiit  County, 
Tex. 

Lagrange  formation  (middle  and  upper  Wilcox  age): 
Puryear,  Henry  County,  Tenn. ;  Sandy,  Hardeman  Coun- 
ty, Tenn. 

Order  BANALES. 

FamUy  MAQNOLIACEAB. 

Qenns  HAQNOLIA  Liim6. 

Magnolia  angustifolia  Newberry. 

Plate  IX. 

Magnolia  angustifolia  Newberry,  U.  S.  Nat.  Mus.  Proc., 

vol.  5,  p.  513,  1882. 
Berr>',  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  214, 1916. 
Knowlton,  U.  S.  Geol.  Survey  Prof.  Paper  101,  p.  309, 

pi.  79,  fig.  1;  pi.  80;  pi.  81,  fig.  1,  1917. 
Magnolia  attenuata  Weber.    Lesquereux,  Tertiary  flora, 

p.  250,  pi.  45,  fig.  6,  1878. 
Terminalia  radobojenais  Heer  (not  Unger).    Lesquereux, 

U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann.  Kept,  for 

1871,  Suppl.,  p.  15,  1872. 
Magnolia    lanceolata    Lesquereux.    HoUick,     Louisiana 

Geol.  Survey  Special  Rept.  5,  p.  282,  pi.  ii,  1899. 

This  species,  which  is  common  in  the  Raton 
formation  and  in  the  upper  part  of  the  Wilcox 
group,  is  much  more  common  west  of  the  Missis- 
sippi than  east  of  it.  A  specimen  from  Loui- 
siana is  figured  in  the  present  paper. 

Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 

Magnolia  leei  Knowlton. 

Plate  X. 

Magnolia  leei  Knowlton  MS.    Berry,  U.  S.  Geol.  Survey 
Prof.  Paper  91,  p.  215,  pi.  43,  figs.  1,  2,  1916. 
Knowlton,  U.  S.  Geol.  Survey  Prof.  Paper  101,  p.  313, 
pi.  64,  fig.  2;  pi.  65,  fig.  2;  pi.  81,  fig.  2,  1918. 

This  well-marked  species,  which  is  abundant 
in  the  Raton  formation  in  Colorado  and  New 
Mexico,  appears  to  range  from  the  bottom  to 
the  top  of  the  Wilcox  group  in  the  embayment 
region.  It  has  not  heretofore  been  found  in 
that  region  west  of  the  Mississippi  but  proves 
to  be  not  uncommon  in  Louisiana. 

Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 


Family  HEinSFEBMACEAE. 

Genus  MSNISFEBlflTXS  Lesquereux. 

Menispermites  cebathoides  Berry,  n.  sp. 

Plate  XI,  figure  1. 

Leaves  orbicular-ovate,  about  as  wide  as  long, 
with  a  wide  truncate  base  and  a  broadly  and 
shortly  pointed  apex.  Margins  entire.  Texture 
thin.  Length  about  10  centimeters ;  maximum 
width,  below  the  middle,  about  10  centimeters. 
Petiole  missing,  but  from  the  character  of  the 
base  it  must  have  been  of  considerable  length 
and  expanded  where  it  joined  the  lamina;  the 
joint  was  at  an  angle  with  the  plane  of  the 
lamma.  There  are  7  primaries  from  the  widely 
expanded  apex  of  the  petiole  at  the  extreme 
base  of  the  leaf.  These  divei^e  at  acute  regu- 
larly spaced  angles;  all  are  curved,  and  the 
midrib  is  slightly,  if  at  all,  stouter  than  the 
lateral  primaries.  It  is  longer,  however,  and 
at  about  one-third  of  its  distance  to  the  apex 
it  gives  off,  at  acute  angles,  a  pair  of  opposite 
secondaries,  which  sweep  upward  and  are  camp- 
todrome  in  the  tip  of  the  leaf.  The  lateral  pri- 
maries are  all  stout  and  prominent  and  decrease 
in  length  from  above  downward.  The  basal, 
shortest,  and  straightest  pair  form  angles  of 
about  70°  with  the  midrib;  they  give  off  on  the 
outside  three  or  four  regularly  spaced  second- 
aries, which  are  camptodrome  close  to  the 
margin;  the  tip  joins  the  tip  of  the  basal  sec- 
ondary of  the  primary  next  above  by  a  simple 
camptodrome  arch  close  to  the  margin.  The 
second  pair  of  primaries  form  angles  of  about 
50°  with  the  midrib;  they  are  longer  and 
slightly  stouter  than  the  basal  pair  and  slightly 
more  curved,  but  less  so  than  the  third  pair 
of  primaries;  they  give  off  on  the  outside  two 
to  four  regularly  spaced  stout  secondaries, 
which  are  camptodrome  close  to  the  margin; 
their  tip  joins  a  simple  camptodrome  tertiary 
from  the  lowest  secondary  of  the  third  primary 
by  a  simple  camptodrome  curve  close  to  the 
margin.  The  third  pair  of  primaries  form 
angles  of  about  25°  with  the  midrib;  they  are 
more  curved  than  the  others  and  give  off  on 
the  outside  four  or  five  regularly  spaced  sec- 
ondaries, which  are-simply  camptodrome  close 
to  the  margins  and  the  basal  one  of  which  may 
have  the  caliber  and  appearance  of  a  dichoto- 
mous  fork  of  the  primary,  as  in  the  left  side 
of  the  leaf  figured;  the  tip  of  the  third  primary 
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curves  close  to  the  margin  to  join  a  campto- 
drome  tertiary  from  the  outside  of  the  main 
pair  of  secondaries  from  the  midrib.  The  ter- 
tiaries,  with  the  exception  of  the  camptodrome 
ones  akeady  alluded  to,  are  thin  and  largely 
immersed,  exceedingly  regular  in  their  spacing, 
and  prevailingly  percurrent,  although  they  oc- 
casionally fork  and  inosculate,  as  shown  in  the 
figured  specimen.  The  ultimate  areolation  is 
fairly  distinct  in  spots  and  must  have  been 
entirely  so  in  life;  it  shows  relatively  large  and 
prevailing  subrectangular  meshes. 

This  fine  species  is  obviously  new  and  forms 
a  striking  addition  to  the  Wilcox  flora,  as  its 
modem  relatives  are  all  climbing  or  twining 
herbs  or  shrubs  prevailingly  of  wooded  or 
stream-side  habitats.  It  is  similar  in  form  to 
the  Wilcox  species  Cercis  wilcoxiana  Berry  but 
entirely  different  in  its  venation  characters  and 
obviously  not  related  to  that  form.  The  pre- 
viously known  Wilcox  species  of  MenispermiteSy 
M,  wUcoxensis  Berry,  is  a  much  more  typically 
ovate  form  with  a  prolonged  acummate  tip  and 
but  three  instead  of  seven  primaries.  The 
tertiary  venation  and  the  camptodrome  arches 
close  to  the  margins  are  the  same  in  both,  and 
neither  shows  the  tendency  toward  a  lobation 
of  the  lamina,  which  is  so  pronounced  a  feature 
in  so  many  of  the  existing  species  of  this 
family. 

The  existing  species  are  too  imperfectly 
known  and  polymorphous  to  render  detailed 
comparisons  with  this  Eocene  form  of  much 
value.  The  fossil  is  not  unlike  the  leaves  of 
our  common  Menispermum  canadense  Linn6, 
which  are  nonlobate.  It  shows  a  similar 
resemblance  to  the  leaves  of  our  common 
Cehaiha  Carolina  (Liim€)  Britton,  which  are 
nonlobate,  and  similar  statements  might  be 
made  with  regard  to  a  large  number  of  exist- 
ing species  of  the  family.  Among  fossil  forms 
the  most  similar  is  Cocculus  {Cebatha)  latifoliuSj 
from  the  Pliocene  of  France,  described  by 
Saporta  and  Marion,^'  but  this  similarity  is' 
of  the  same  order  as  the  comparisons  with 
recent  forms  just  mentioned. 

The  polymorphism  of  the  existing  species 
renders  it  desirable  to  refer  this  new  form  to  the 
genus  MenispermiteSy  implying  a  fossil  form  of 
Menispermaceae  of  undeterminable  generic 
affinity.     It  might  very  well  be  ancestral  to  the 


17  Saporta,  0.  de,  and  Marion,  A.  F.,  Recherches  sur  les  v<^g^taux  ! 
iossiles  de  Kezixnietu,  p.  264, pi.  31,  figs.  4-7;  pi.  32,  fig.  1, 1876.  1 
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genus  Cocculus  De  CandoUe,  or  Cebaiha  Forskal, 
as  modem  taxonomists  prefer  to  call  it,  as 
ForskaVs  name  was  published  in  1776,  or  43 
years  earlier  than  De  CandoUe's  proposal. 

The  existing  species  of  Menispermaceae 
number  about  350  in  about  60  genera.  All  are 
twining  or  climbing  woody  or  herbaceous 
plants  with  alternate  exstipulate  leaves  and 
drupaceous  fruits.  A  majority  of  the  species 
are  confined  to  moist  tropical  regions,  but  a 
considerable  number  are  foimd  in  both  tem- 
perate zones.  None  of  the  subfamilies  are 
confined  to  a  single  continental  region,  and 
several  of  the  genera  are  found  on  all  the  con- 
tinents. 

The  existing  species  of  Menispermum^  but 
two  or  three  in  number,  are  confined  to  Atlan- 
tic North  America  and  eastern  Asia,  which 
indicates  a  wider  range  during  geologic  time. 
The  genus  Cehaiha  {Cocculus)  is  a  large  one  for 
this  family,  with  about  30  species,  its  distribu- 
tion including  all  the  continents  except  Europe 
and  extending  to  the  Hawaiian  Islands.  Sev- 
eral fossil  species  that  have  been  referred 
directly  to  it  or  to  the  form  genus  Coccvlites  go 
back  as  far  as  the  Upper  Cretaceous.  A  well- 
marked  species  is  present  in  the  later  Tertiary 
of  the  Mississippi  embayment,  and  it  would 
perhaps  not  be  far  from  the  truth  if  the  present 
species  were  referred  to  this  genus. 

The  family  has  10  genera  with  about  75 
species  confined  to  the  Western  Hemisphere, 
mostly  in  tropical  South  America.  Asia  has 
13  peculiar  genera;  Africa,  including  Madagas- 
car, has  14;  and  Australia  has  7,  all  monotypic 
and  largely  found  in  the  peculiar  environment 
of  Western  Australia.  The  largest  number  of 
existing  species  occur  in  tropical  Asia,  from 
which  about  150  are  known,  or  about  50  more 
than  are  known  from  America,  which  ranks 
second  in  the  nimiber  of  existing  forms. 

The  fossils  of  the  narrow  triveined  form  of 
some  species  of  Cocculus  (Cebaiha)  are  rather 
difficult  to  determine,  for  they  show  more  or 
less  resemblance  to  some  leaves  in  the  families 
Smilacaceae,  Lauraceae,  Urticaceae,  Pipera- 
ceae,  Melastomataceae,  and  others. 

The  wider  leaves  are  more  characteristic, 
and  species  of  Menispermum  are  recorded 
from  beds  as  early  as  the  Oligocene  of  France. 
The  form  genus  Menispermites  has  numerous 
Upper  Cretaceous  species,  particularly  of  Ceno- 
manian  and  Turonian  age,  and    is   recorded 
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from  Portugal,  Bohemia,  Greenland,  Argen- 
tina, and  various  localities  in  the  United  States 
and  Canada.  It  is  especially  varied  in  the 
Dakota  sandstone. 

Forms  referred  to  Coccvlus  De  Candolle, 
Coccidites  Heer,  or  Cehatha  Forskal  are  re- 
corded from  the  Upper  Cretaceous  of  North 
America,  Europe,  and  Asia  and  from  the 
early  Tertiary  of  Greenland,  North  America, 
and  Europe.  It  seems  probable  that  some  of 
the  forms  referred  to  Unger's  genus  Daphno- 
gene  belong  to  this  family.  The  genus  Mac- 
dintockia  Heer,  of  the  Upper  Cretaceous  and 
early  Tertiary,  particularly  of  the  Arctic  region, 
is  often  referred  to  this  family,  as  by  Schimper. 

Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 

Order  BOSALES. 

Fanuly  CAXSALFINIACEAE. 

Oenus  CASSIA  Llnne. 

Cassia  emarginata  Berry. 

Cassia  emarginata  Berry,  U.  S.  Geol.  Survey  Prof.  Paper 
91,  p.  233,  pi.  45,  fig.  17b;  pi.  48,  fig.  5,  1916. 

Heer^^  mentions  a  Cassia  emarginata  of 
Saporta,  which  would,  if  valid,  necessitate 
changing  the  name  of  this  Wilcox  species. 
As  near  as  I  can  discover,  however,  Cassia 
emarginata  Saporta  was  a  nomen  nudum.  It 
is  not  mentioned  by  either  Schimper  or  Schenk, 
and  Saporta  appears  to  have  renamed  the 
form  Caesalpinites  latifolius  when  he  actually 
described  it.*' 

FamUy  MIMOSACSAS. 

Qenns  MIMOSITBS  Bowerbank. 

Mimosites  yariabUia  Berry. 

Mimosites  variabilis  Berry,  U.  S.  Geol.  Survey  Prof.  Paper 
91,  p.  227,  pi.  45,  figB.  6-11,  1916. 

This  common  middle  and  upper  Wilcox 
species  has  not  heretofore  been  found  south  of 
Grenada,  Miss.  It  is.  contained  in  recent 
collections  from  a  locality  1  mile  west  of 
Clayhatchee,  Dale  County,  Ala. 

^  Rechcrches  sur  le  climat  et  la  v^g^tatlon  du  pays  tcrtialre,  p.  149, 
1861. 

i>  Saporta,  O.  de,  Etudes  sur  la  v^g^tation  du  sud-est  de  la  France  k 
F^poque  tertialre,  vol.  1,  p.  140,  1863. 


FamUy  PAFIUONACEAS. 

Genus  DALBEBGIA  LinnC  flls. 

Dalbercia  pnryearensis  Berry,  new  name. 

Dalbergia  eocenica  Berry,  U.  S.  Greol.  Survey  Prof.  Paper 
91,  p.  245,  pi.  53,  figB.  1,  2,  1916. 

The  name  assigned  to  this  Wilcox  Dalbergia 
in  1916  is  antedated  by  Dalbergia  eocenica 
Ettingshausen,'®  based  on  Protamyris  eocenica 
Unger,*^  and  I  therefore  propose  that  this 
species  be  called  Dalbergia  puryearensiSj  in 
allusion  to  the  type  locality. 

Qrder  SAPINDALES. 

FamUy  ICACINACEAX. 

Genus  CALATOLOIDES  Berry,  n.  gen. 

Calatoloides  eocenicum  Berry,  n.  v 

Plate  XIV,  figures  3-5. 

The  present  species  is  based  on  casts  of  a 
nutlike  fruit  which  appears  to  be  very  close  to 
those  of  a  recently  described  genus  that  is 
referred  with  some  doubt  to  the  family  Ica- 
cinaceae  and  is  based  upon  three  new  species 
of  existing  arborescent  forms  of  the  Central 
American  region.  In  view  of  the  incomplete- 
ness of  the  fossil  material  and  the  lack  of 
certainty  as  to  its  identity  with  the  recent 
fruits  in  all  particulars,  it  has  seemed  best  to 
propose  a  new  genus  for  its  reception.  The 
name  suggested  for  this  new  genus  implies  a 
relationship  with  the  existing  genus.  The 
fossil  fruit  as  restored  from  casts  is  a  moder- 
ately prolate  spheroid,  2.5  to  3  centimeters  in 
length  and  about  2.25  centimeters  in  diameter, 
broadly  rounded  proximad  and  bluntly  pointed 
distad.  The  ligneous  shell  is  marked  by  some- 
what irregular  prominent  branching  and  anas- 
tomosing longitudinal  ridges,  connected  by 
low  subordinate  irregularly  transverse  ridges. 
If  it  was  like  the  existing  form  it  contained  a 
single  large  seed. 

.  I  have  had  this  Wilcox  material  in  my  pos- 
session for  a  number  of  years  without  any  idea 
as  to  its  botanic  relationship.  In  collecting 
recent  fruits  in  Panama  in  1919  I  obtained 
one  which  suggested  the  fossil.  In  seeking  to 
determine  the  Panama  specimen  at  the  United 

M  Ettingshausen,  Constantin,  Beltiilge  sur  Kenntnlss  der  foasilea 
Flora  voii  Sotzka,  p.  73,  1858. 

n  Unger,  Franz,  Die  fossile  Flora  von  Sotzka,  p.  180,  pi.  31,  fig.  15» 
1850. 
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States  National  Plerbarium  I  found  that  it 
was  identical  with  material  from  Costa  Rica 
which  Messrs.  Standley  and  Safford  consid- 
ered to  represent  a  new  genus,  very  probably 
a  member  •  of  the  Icacinaceae.  They  have 
since  recognized  three  species  of  this  genus — 
two  from  Mexico  and  one  from  Costa  Rica  and 
Panama.  These  are  trees  of  considerable  size, 
with  broadly  lanceolate  camptodrome-veined 
leaves.  The  fruits  have  a  thin  flesh  in  life 
and  a  single  lai^e  spherical  seed.  The  fossil 
form  is  similar  in  shape  and  ornamentation 
but  is  only  about  half  the  size  of  the  recent 
fruits  and  may  therefore  be  considered  as 
standing  in  an  ancestral  relation  to  the  modem 
genus,  for  which  Standley  and  Safford  have 
proposed  the  name  Calatola. 

The  occurrence  of  a  fossil  representative  of 
the  family  Icacinaceae  in  the  lower  Eocene  of 
Texas  is  of  very  great  interest.  No  member  of 
the  family,  so  far  as  I  know,  has  ever  before 
been  found  fossil.  The  family  consists  of 
about  39  genera  and  150  existing  species,  of 
which  only  8  genera,  with  less  than  30  species, 
are  found  in  America,  where  they  are  for  the 
most  part  confined  to  the  Tropics.  None  of 
these  genera  except  Mappia,  a  native  of  the 
Antilles,  occurs  in  any  other  geographic  region, 
and  this  genus  is  supposed  to  be  represented 
in  Ceylon  and  farther  India.  As  the  forms 
from  farther  India  constitute  the  subgenus 
Trichocrater  and  those  from  Ceylon  the  sub- 
genus EumappiGj  it  seems  doubtful  if  Mappia 
is  really  an  exception  to  the  peculiar  character 
of  the  existing  American  members  of  this 
family.  The  family  as  a  whole  is  distinctly 
oriental  in  the  existing  flora,  with  its  center  of 
dispersal  in  the  south  Asian  region,  for  although 
there  is  only  a  single  monotypic  genus  con- 
fined to  southeastern  Asia,  this  region  pairs 
with  Africa,  the  East  Indies,  or  Australia  in 
many  occurrences:  thus  there  are  8 genera  with 
23  species  which  are  Malaysian,  6  genera  with 
34  species  which  are  Asian  and  Malaysian, 
3  genera  with  19  species  which  are  common  to 
Africa  and  southern  Asia,  and  1  genus  with  4 
species  common  to  Malaysia  and  Australia. 
Ten  genera  with  33  species  are  confined  to 
Africa,  and  3  genera  with  6  species  are  confined 
to  Australia. 

The  family  contains  10  monotypic  genera — 
one  of  Guiana  and  all  the  remainder  Old  World 
forms,  as  follows :  Africa  3,  southeastern  Asio,  1, 


East  Indies  2,  New  Guinea  1,  New  Caledonia  2. 
All  the  existing  American  forms  belong  to  the 
large  subfamily  Icacinoideae,  which  is  also 
represented  in  all  the  other  regions,  so  that  its 
origin  or  interrelationships  are  imknown. 

Occurrence:  Butler  (West  Point)  salt  dome, 
in  the  eastern  part  of  Freestone  County,  near 
Trinity  River,  6  miles  northeast  of  Oakville, 
Tex.;  collected  by  O.  B.  Hopkins  and  O.  C. 
Funderbunk. 

Order  BHAMKALES. 

Family  SHAMNACEAS. 

Genus  BHAMNT7S  Linii6. 

Rhamnus  debnrni  Lesquereiu. 

Rhamnus  clebumi  Lesquereux,  U.  S.  Geol.  and  Geog.  Sur- 
vey Terr.  Ann.  Rept.  for  1872,  p.  381, 1873;  Tertiary 
flora,  p.  280,  pi.  63,  figs.  1-3,  1878;  U.  S.  Nat.  Mus. 
Proc.,  vol.  11,  p.  24,  1888. 

Knowlton,  U.  S.  Geol.  Survey  Bull.  204,  p.  80, 1902. 

Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  283, 1916. 

The  present  material,  which  is  abundant, 
emphasizes  the  great  similarity  and  possible 
identity  between  this  form  and  Rhamnus  con- 
shaUa  Berry,"  also  the  great  variability  in  out- 
line of  these  leaves,  many  of  which  are  longer 
and  relatively  narrower  than  the  type  and  show 
indications  of  grading  into  what  I  have  called 
Rhamnus  marginatus  apiculaius.^^ 

Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 

Rhamnus  marginatus  apiculatus  Berry. 

Plate  XI,  figures  2,  3. 

Rhamnus  mcarginatus  apiculatus  Berry,  U.  S.  Geol.  Survey 
Prof.  Paper  91,  p.  283,  pi.  69,  fig.  1, 1916. 

At  the  time  of  the  publication  of  the  report 
on  the  Wilcox  flora  this  variety  was  represented 
by  a  small  number  of  specimens  from  the  Acker- 
man  formation  of  Mississippi.  It  is  common  in 
later  collections  from  Louisiana  and  shows  con- 
siderable variation  in  size  and  outline.  All  the 
specimens  are  somewhat  narrower  than  the 
type;  some  have  a  very  long  acmnen  and  others 
lack  a  prominent  acumen.  Two  of  these  speci- 
mens are  figured,  the  larger  a  leaf  21  centime- 
ters in  length  and  4  centimeters  in  maximum 
width. 


»  Berry,  E.  W.,  U.  S.  Gcx)l.  Survey  Prof.  Paper  91,  p.  284,  pi.  68,  fig.  1, 
191G. 
»  Idem,  p.  283,  pi.  60,  fig.  1. 
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Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 

Genus  BHAMNITES  Forbes. 
Rhamnites  knowltoni. Berry,  new  name. 

Plate  XII,  figure  7. 

Comus  atuderi  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Kept,  for  1871,  p.  293,  1872  (not  Heer, 
1859);  Tertiary  flora,  p.  244,  pi.  42,  figs.  4,  5, 1878. 

Hollick,  in  Harris  and  Veatch,  A  preliminary  report  on 
the  geology  of  Louisiana,  p.  286,  pi.  45,  fig.  2,  1899. 

Knowlton,  U.  S.  Geol.  Survey  Bull.  163,  p.  68,  pi.  15, 
fig.  3,  1900. 

Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  331,  pi. 
68,  fig.  3, 1916. 

In  the  account  of  the  Wilcox  flora  this  species 
was  said  to  be  represented  by  fragments  from 
a  number  of  localities,  the  most  complete  speci- 
men being  the  one  figured  from  Coushatta,  La. 
Subsequent  collections  show  that  this  form  is 
abundant  in  the  Wilcox  near  Mansfield  and  con- 
firm the  previous  statement  that  it  differs  from 
Heer's  Swiss  Miocene  type  and  also  is  not  prop- 
erly referable  to  the  genus  Comus.  Although 
in  some  of  the  features  it  is  similar  to  species 
that  have  been  referred  to  FicuSj  these  features 
are  not  like  any  in  existing  forms  of  that  genus, 
where  the  venation  has  certain  characteristics 
that  are  easily  recognized.  They  are,  on  the 
other  hand,  characteristic  of  certain  members 
of  the  families  Sapindaceae  and  Rhamnaceae, 
particularly  the  latter,  and  I  have  therefore 
transferred  the  American  forms  to  the  genus 
Rhamnites, 
R.  IcnowUoni  may  be  described  as  follows : 
Leaves  large,  broadly  ovate,  many  of  them 
sUghtly  inequilateral,  the  tip  somewhat  nar^ 
rowed  and  acuminate  and  the  base  rounded  or 
very  broadly  pointed.  Margins  entire,  in  some 
specimens  faintly  imdulate.  Texture  subcori- 
aceous.  Midrib  stout  and  prominent.  Second- 
aries stout,  six  to  nine  pairs,  diverge  from  the 
midrib  at  irregular  intervals  at  angles  of  about 
45°,  camptodrome.  Tertiaries  thin,  closely 
spaced,  percurrent,  typically  rhamnaceous. 
Size  variable,  some  leaves  being  as  much  as  19 
centimeters  in  length  and  9.5  centimeters  in 
maximum  width,  which  is  in  the  lower  half  of 
the  leaf.  A  large  specimen  from  Mansfield  is 
figured  in  the  present  paper.  The  single  Louisi- 
ana specimen  has  a  length  of  16  centimeters 
and  a  maximum  width,  midway  between  the 
apex  and  the  base,  of  8.75  centimeters. 


Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 

Order  MALVALES. 

FamUy  MAJ<VACEAS7 

Genus  MONOCABPELLTFES  Perkins. 

[Vermont  State  Geologist  Rept.  for  1903-4,  p.  180.] 

Monocarpellites  perkinsi  Berry,  n.  sp. 

Plate  XII,  figures  1-6. 

Ligneous  single-celled  carpels,  with  nimier- 
ous  seeds.  General  form  spheroidal;  whether 
oblate  or  prolate  is  uncertain,  as  the  material 
has  suffered  much  compression.  Probably 
nearl}^  spheroidal  in  life,  with  10  to  12  thin 
longitudinal  ribs.  Apex  mucronate-tipped. 
Hilum  large  depressed,  about  2  millimeters  in 
diameter. 

This  species  is  not  uncommon  at  the  locality 
cited,  but  it  is  impossible  to  determine  the 
character  of  the  interior.  The  conclusion  that 
the  ribs  do  not  represent  keels  or  sutures  of  a 
tardily  dehiscent  capsule  rests  upon  their 
somewhat  unequal  spacing,  the  lack  of  any 
traces  of  sutures,  and  the  fact  that  one  speci- 
men has  undergone  great  compression  in  a 
vertical  plane  without  developing  any  indica- 
tions of  a  capsular  nature.  The  conclusion 
that  these  carpels  were  many  seeded  also  rests 
upon  the  manner  in  which  compression  has 
occurred  and  the  resulting  irregularities  of  sur- 
face, which  differ  from  what  would  be  shown  if 
one  or  a  few  large  seeds  had  been  present. 

The  genus  MonocarpeUites,  to  which  the 
present  species  is  referred,  is  a  form  genus  es- 
tablished by  Perkins  in  1904  and  based  upon 
abundant  material  from  the  Eocene  lignite 
deposits  at  Brandon,  Vt.  Specimens  of  Mono- 
carpellites are  among  the  most  abundant  fossils 
at  Brandon,  and  Perkins  has  described  11  dif- 
ferent species  based  upon  differential  features 
that  are  more  or  less  well  marked  but  quite 
obviously  not  of  specific  grade.  Although  the 
Wilcox  Monocarpellites  resembles  several  of 
these  so-called  species  from  the  Brandon  Ug- 
nite  it  can  not  be  conclusively  identified  with 
any  one  of  them,  so  that  in  the  present  unsatis- 
factory state  of  our  knowledge  of  fossil  fruits 
it  must  necessarily  be  considered  to  represent 
a  new  species. 

In  this  connection  attention  should  be  called 
to  the  genus  Highteaj  which  was  described  by 
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Bowerbank^^  from  the  abundant  pyritized 
fruits  found  in  the  London  clay  of  Sheppey 
(Ypresian).  As  elucidated  by  Bowerbank  the 
genus  Hightea  possessed  a  one-celled  valveless 
pericarp  with  large  4  to  6  angled  placena  and 
numerous  down-bearing  seeds,  these  fruits 
having  every  appearance  of  being  five  or  more 
numerously  valved  capsules.  Hightea  is  very 
abundant  at  Sheppey,  and  Bowerbank  de- 
scribed no  less  than  10  so-called  species,  which 
are  subject  to  the  same  limitations  as  Perkins's 
numerous  species  of  MonocarpeUUes. 

Although  it  is  impossible  to  advance  conclu- 
sive opinions  without  having  studied  a  large 
suite  of  specimens,  it  seems  probable  that 
Hightea  and  ManocarpeUUes  are  congeneric, 
thus  affording  an  important  item  for  the  corre- 
lation of  these  three  widely  separated  deposits, 
valuable  chiefly  for  the  evidence  it  affords  of 
the  age  of  the  Brandon  lignite,  as  the  parallel- 
ism between  the  London  clay  and  the  Wilcox 
is  already  well  established. 

Occurrence:  Spink's  clay  pit,  near  Paris, 
Henry  County,  Tenn. 

Family  ST'SECUJAACEAE, 
Oenus  STEBCTTLIA  lAnn€. 

Sterculia  wilcozensis  Beiry,  n.  sp. 

Plate  XIV,  figures  1,  2;  Plate  XV,  figures  3,  4. 

Sterculia  puryearemis  Berry,  U.  S.  Geol.  Survey  Prof. 
Paper  91,  pi.  72,  fig.  3  (not  other  figures  of  this 
species),  1916. 

Leaves  (in  discovered  material)  trilobate, 
divided  from  one-half  to  two-thirds  of  the  dis- 
tance to  the  base  into  a  median  conical  to 
slightly  ovate  lobe  and  lateral,  somewhat  nar- 
rower conical  lobes.  All  are  acuminate,  and  all 
may  be  of  equal  length,  or  the  median  lobe  may 
be  somewhat  longer.  The  intervening  sinuses 
are  open  and  roimded  and  of  varying  depth; 
their  degree  of  openness  depends  on  the  attitude 
of  the  lateral  lobes,  for  although  the  angle  of 
divergence  of  the  lateral  primaries  with  the 
midrib  is  practically  uniform,  the  lateral  lobes 
and  the  primaries  forming  their  midveins  may 
be  either  incurved  or  recurved,  as  shown  in  the 
accompanjring  illustrations.  The  margins  are 
entire  and  the  texture  coriaceous.  Length 
ranging  from  12  to  16  centimeters;  maximum 
width,  between  the  tips  of  the  lateral  lobes, 
ranging  from  9.75  to  15.25  centimeters  and 

M Bowerbank,  J.  S.,  A  history  of  the  fossil  fruits  and  seeds  of  the 
London  olay,  p.  25,  pl8.  7-9, 1840. 


largely  dependent  on  the  attitude  of  the  lobes* 
The  petiole  was  evidently  long  and  stout;  it  is 
preserved  for  2  centimeters  in  one  specimen. 
The  midrib  is  stout  and  prominent,  approxi- 
mately straight  or  variously  curved.  The 
lateral  primaries  are  approximately  as  stout 
and  prominent  as  the  midrib.  They  diverge 
from  the  midrib  a  considerable  distance  above 
the  base,  at  angles  between  35^  and  45^,  and 
are  variously  curved.  The  secondaries  are  thin 
and  not  especially  prominent;  they  arenumer-^ 
ous,  regularly  spaced,  and  subparallel,  diverge 
at  wide  angles,  and  are  abruptly  camptodrome. 
The  tertiaries  are  obscure. 

The  present  speciejs  is,  on  the  whole,  well 
marked.  It  is  in  many  ways  similar  to  the 
European  Oligocene  species  Sterculia  lahrusca 
Unger  '*  and,  like  that  and  most  other  living 
and  fossil  species,  may  have  varied  to  a  fewer 
or  greater  number  of  lobes,  although  all  the 
specimens  known  at  present  are  trilobate.  It 
may  be  properly  considered  ancestral  to  the 
Claiborne  species  Sterculia  labruscoides  Berry, 
a  somewhat  smaller  form  with  more  conical 
lobes  and  rounded  base. 

A  fragment  of  this  species  from  Puryear, 
Teim.,  was  figured  in  1916  and  referred  to  Ster- 
culia puryearensis  Berry.  Recent  collections 
from  Louisiana  show  that  this  fragment  repre- 
sents the  present  species,  which  is  quite  dis- 
tinct from  the  much  larger  and  more  ovate 
lobed  and  lobate  Sterculia  puryearensis.  It 
adds  a  second  and  striking  representative  of 
this  genus  to  the  flora  of  the  Wilcox  group,  in 
which  it  is  also  represented  by  the  fruits  re- 
ferred to  the  genus  Stercvliocarpus. 

Occurrence:  Puryear,  Henry  County,  Tenn.; 
collected  by  E.  W.  Berry.  Goss  pit,  half  a  mile 
east  of  Mansfield,  De  Soto  Parish,  I^a.;  col- 
lected by  O.  M.  Ball.  Carrizo  sandstone  half  a 
mile  west  of  Carrizo  Springs,  Dimmit  County,, 
Tex. 

Qenns  STEBCTTLIOGABFUS  Berry. 

Sterculiocarpus  eoceniciui  Berry. 

Plate  XV,  figure  5;  Plate  XVI,  figure  1. 

Sterculiocarpus    eocenicus    Berry,    U.    S.    Greol.    Survey 
Prof.  Paper  91,  p.  288,  pi.  74,  figs.  1-3,  1916. 

The  present  specimen  adds  considerably  to 
our  knowledge  of  this  form.  It  is  relatively 
slightly  longer  and  narrower  than  the  type 

»  Unger,  Fnns,  Die  fossile  Flora  von  Sotzka,  p.  46,  pi.  28,  llgB.  1-11^ 

ISfiO. 


18 


SHORTER  CONTRIBUTIONS  TO  GENERAL  GEOLOGY,  1922. 


and  shows  that  the  capsules  were  tardily 
loculicidally  dehiscent  and  contained  many 
small  elongated  seeds  on  parietal  placentae. 
It  thus  differs  from  the  other  known  species, 
namely  8.  aezanneUoides  Berry,  in  which  the 
placentae  were  axile  and  the  dehiscence 
septicidal. 

Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  hy 
O.  M.  Ball. 

Qenus  HELXCTOXTLON  Felix. 
Helictoxylon  wilcozianum  Beny,  n.  ep. 

.     Platee  XVII  and  XVIII. 

Transverse  section:  Vessels  large,  oval,  very 
numerous  and  closely  spaced,  generally  single, 
sometimes  in  oblique  pairs.  Rays  undulating, 
broad,  several  cells  wide,  charged  with  gum. 
Parenchyma  filling  most  of  the  space  between 
the  rays  and  vessels.  Prosenchyma  well  dis- 
tributed as  single  or  double  strands  in  the 
parench3maa,  with  greatly  thickened  walls. 

Radial  section:  Vessels  reticulately  marked 
or  obscurely  pored.  Parenchyma  much  sep- 
tate, without  discernible  pitting.  Prosenchyma 
with  pointed  ends,  sparingly  septate,  with 
ray  of  very  minute  pores  on  the  radial  walls. 
Rays  high,  the  marginal  cells  square,  the  cen- 
tral long  and  narrow.  Pitting  obscured  by 
gum. 

Tangential  section:  Vessels  often  with  ob- 
lique scalariform  perforations;  walls  reticulately 
marked.  Rays  fusiform  elliptical,  8  or  9 
cells  wide  medianly,  25  to  35  cells  high,  the 
normal  ray  frequently  continued  in  one  or 
both  directions  by  uniserial  large  rectangular 
cells.  Parenchyma  of  short  rectangular  cells 
without  discernible  pitting.  Prosenchyma 
sparingly  septate,  with  a  row  of  minute  pores. 

The  wide  rays,  the  abundance  of  xylem 
parenchyma,  and  the  prosenchyma  with  simple 
pits  indicate  that  this  wood  represents  some 
species  of  StercuUaceae,  and  the  size  and 
abundance  of  the  vessels  suggest  a  liana.  As 
it  is  not  possible  to  make  comparisons  with 
recent  material,  nor  desirable  to  propose  a 
new  generic  term  such  as  StercuHoxyloriy  the 
species  is  referred  to  the  genus  Helictoxylon, 
proposed  by  Felix  ^*  for  two  species  from  the 
OUgocene  of  Antigua.  Species  are  also  known 
from  the  Tertiary  of  Java,  Luzon,  Gahcia,  and 

-  _  , , ■* — • — " — • — 

u  Felix,  J.,  Fossile  Hdlzer  Wcstindiens,  p.  18, 1883. 


Hungary.  The  Wilcox  species  appear  to  be 
entirely  distinct  from  previously  described 
forms. 

Occurrence:  Two  miles  east  of  Naborton,  De 
Soto  Parish,  La. 

Order  THTMBLEALBS. 

Family  LAUSACEAE. 

Launus  vems  Berry,  n.  qi. 

Plate  XVI,  figures  2-7. 

I  am  fortimate  in  having  several  specimens 
of  this  fruit  preserved  as  a  ferric  oxide  replace- 
ment in  Wilcox  sands.  Several  are  detached 
from  the  persistent  calyx  with  the  hilum  ob- 
scured, and  their  identity  would  be  question- 
able were  it  not  for  the  finding  of  specimens 
with  the  calyx  attached  which  came  loose  from, 
the  calyx,  showing  the  umbo.  In  form  the 
fruit  is  a  considerably  prolate  spheroid  varying 
considerably  in  size,  the  minimum  and  maxi- 
mum sizes  observed  being  11  millimeters  in 
length  by  7  millimeters  in  maximum  diameter 
and  15  millimeters  in  length  by  9.5  millimeters 
in  maximum  diameter.  The  distal  end  comes 
to  a  not  very  obvious  point.  The  surface  is 
smooth  and  polished.  The  calyx  is  small, 
thick,  coriaceous,  and  gamosepalous,  the  sepals 
represented  by  six  conical  or  rounded  upright 
marginal  teeth,  3.5  to  4.5  millimeters  in  diam- 
eter and  2.5  to  3  millimeters  high.  Peduncle 
stout  and  curved,  2.5  to  4  millimeters  in  length. 
These  are  well  shown  in  the  accompanying 
figures.  The  question  of  their  proper  generic 
reference  may  be  left  in  abeyance  for  the  pres- 
ent, as  a  considerable  number  of  the  genera  of  the 
Lauraceae  have  comparable  fruits.  The  term 
Laurus  is  used  in  the  present  connection  purely 
as  a  form  genus  implying  their  reference  to  this 
family.  The  only  lauraceous  leaves  found  in 
association  with  these  fruits  are  those  of  Oreo^ 
daphne  salinensis  Berry,  and  even  these  are  rare. 
It  may  be  assumed  that  these  fruits  floated  a 
considerable  distance  from  their  point  of  origin, 
as  is  frequently  the  case  with  modern  lauraceous 
fruits.  I  am  inclined  to  consider  these  fossils 
as  representing  the  genus  Cinnnmomum,  but 
this  is  entirely  a  matter  of  personal  opinion. 

A  considerable  number  of  fossil  fruits  belong- 
ing to  this  family  have  been  described.  Among 
them  those  from  the  Oligocene  of  Trotha  and 
Bornstadt,  in  Saxony,  described  by  Friedrich,*' 

>7  Friodrich,  P.,  Beitrtige  zur  Kenntniss  der  Tertifirflom  der  Provlns 
.  Sachsen,  pp.  128,  234,  pi.  15,  fig.  9;  pi.  31,  fig.  10, 1883. 
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are  exceedingly  like  the  Louisiana  fruits. 
Without  any  pretense  at  citing  records,  atten- 
tion may  also  be  called  to  the  dnnamomum 
fruits  recorded  by  Friedrich  *•  from  the  Oligo- 
cene  and  those  recorded  by  Heer**  from  the 
Miocene  of  Europe. 

Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 

Gknns  LAT7BINOZTLON  Felix. 

Laarinoxylon  branneri  Knowlton. 

LaurinoxyUm  branneri  Knowlton,  Arkansas  Geol.  Survey 

Ann.  Kept,  for  1889,  vol.  2,  p.  256,  pi.  9,  figs.  8,  9; 

pi.  10,  figs.  1,  2;  pi.  11,  fig.  4,  1891. 
Penhallow,  Roy.  Soc.  Canada  Trans.,  3d  ser.,  vol.  1, 

p.  98,  figs.  fr-«,  1908. 
Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  314,  pi. 

16,  figs.  6-10,  1916. 

This  species  was  described  in  previous  reports 
and  doubtfully  recorded  from  the  Wilcox.  It 
occurs  in  the  Claiborne  of  Arkansas  and  Texas, 
according  to  the  identifications  of  Knowlton 
and  Penhallow. 

A  specimen  from  the  Wilcox  at  Shreveport, 
La.  (No.  207),  appears  to  be  identical  with  the 
type.  It  is  rather  indifferently  preserved  and 
adds' nothing  to  our  knowledge  of  the  species. 

Lanrinozylon  wilcozianum  Berry,  n.  sp. 

Plate  XIII. 

Transverse  section :  Vessels  single  or  in  radial 
pairs  or  triplets,  rarely  more,  occasionally  in 
tangential  pairs  or  excentric.  Well  distributed 
but  sparse,  no  zonal  arrangement  or  diminu- 
tion in  size  throughout  the  year,  oval  in  cross 
section,  thin  walled.  Prosenchyma  abimdant, 
the  walls  scarcely  thickened.  Xylem  paren- 
chyma abundant,  showing  a  tendency  to  an 
arrangement  in  tangential  bands.  Rays  undu- 
lating, one  to  three  cells  wide,  full  of  gum. 

Radial  section:  Vessels  full  of  tyloses,  with 
pitted  walls.  Rays  varying  in  height  from  2  to 
18  cells;  marginal  cells  square,  about  twice  the 
height  and  one-half  the  length  of  the  central 
cells,  their  horizontal  and  end  walls  with 
numerous  simple  pits.  Rays  mostly  full  of 
gum.  A  constant  feature  is  the  large  vertical 
series  of  ray  cells  running  from  one  ray  to 
another.  Prosenchyma  thin,  fusiform;  no 
markings  or  septation  seen,  although  in  speci- 

*  Idem,  p.  215,  pi.  16,  figs.  15,  16. 

*  Heer,  Oswald,  Flora  tertiaria  Helvetiae,  vol.  2,  pi.  91,  fig.  8, 1856. 


mens  from  the  Claiborne  group  that  appear 
to  belong  to  this  species  the  prosenchyma  is 
irregularly  septate.  Parenchyma  about  twice 
as  wide  as  the  prosenchyma,  abimdantly  sep* 
tate;  no  pits  seen  in  the  Wilcox  material  but 
with  numerous  round  pores  in  the  Claiborne 
material. 

Tangential  section:  Rays  closely  crowded, 
2  to  3  cells  wide,  connected  by  uniserial  stringers 
of  large  rectangular  cells,  all  full  of  gum. 

This  species  appears  to  be  distinct  from  pre- 
viously described  forms.  It  is  abimdant  in  the 
Wilcox  but  is  usually  rather  poorly  preserved, 
having  suffered  much  from  decay  before  silici- 
fication.  Much  better  preserved  material  of 
this  species  is  present  in  the  Yegua  formation 
of  Texas  and  will  be  fully  described  and  figured 
in  my  account  of  the  Claiborne  and  Jackson 
floras.  Sections  have  been  cut  from  trunks 
from  the  following  localities:  Half  a  mile 
southwest  (214)  and  1  mile  west  (212)  of 
Naborton,  De  Soto  Parish,  La.;  near  Dabney 
(242),  Montgomery  County,  Miss.;  Piney  Creek 
(238),  10  miles  east  of  BoUvar,  Hardeman 
County,  Tenn.  All  from  beds  of  upper  Wilcox 
age  except  the  last,  which  is  probably  middle 
Wilcox. 

Order  MTBTALES. 

Family  COMBBBTACEAB. 

Oenns  TEBMINALIA  LlnnC. 

Temdnalia  lesleyana  (Lesquereux)  Berry. 

Plate  XVI,  figure  8. 

TermxTuilui  radohqjensis  Ileer.    Lesquereux,  U.  S.  Geol. 

aud  Geog.   Survey  Terr.   Aim.   Rept.   for   1871, 

Suppl.,  p.  15,  1872. 
Magnolia  lesleyana  Lesquereux,  Am.  Philos.  Soc.  Trans., 

vol.  13,  p.  421,  pi.  21,  figs.  1,  2,  1869;  Tertiary  flora, 

p.  248,  pi.  44,  figs.  1-3,  1878;  U.  S.  Geol.  and  Geog. 

Survey  Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  14, 

1872. 
Knowlton,  U.  S.  Geol.  Surv-ey  Prof.  Paper  101,  p. 

313,  pi.  82,  figs.  1,  2,  1917. 
Terminalia  lesleyana  Berry,    U.   S.   Geol.    Survey  Prof. 

Paper  91,  p.  323,  pi.  89,  1916. 

A  large  specimen  of  this  species  from  Louisi- 
ana is  figured  in  the  present  paper.  Since  my 
accoimt  of  the  Wilcox  flora  was  published 
Knowlton  ^^  has  given  a  very  excellent  ac- 
count of  the  Raton  flora.  In  that  paper  the 
present  species  is  transferred  back  to  Mag- 
nolia,  although  no  reasons  are  given.  I  have 
compared  the  fossil  with  a  large  amount  of  re- 

»  U.  S.  Geol.  Survey  Prof.  Paper  101, 1918. 
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cent  material  of  both  Magnolia  and  Terminalia 
and  am  satisfied  that  the  fossil  is  much  more 
like  the  latter  than  the  former,  which  was 
Lesquereux's  original  identification  before  it 
became  the  fashion  to  refer  all  large  leaves  to 
Magnolia. 

Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 

Order  OXKTIANALES. 

Family  APOCTKACEAE. 

Oenus  APOCTNOPH7LLUM  linger. 

Apocynophyllum  misaissippieiisis  Berry. 

Apocynophyllum  mississippiensis  Berry,  U.  S.  Geol.  Sur- 
vey Prof.  Paper  91,  p.  342,  pi.  108,  fig.  6,  1916. 

The  present  material  contains  numerous 
leaves  of  this  species  which  average  about  20 
per  cent  larger  than  those  previously  collected, 
indicating  a  leaf  about  18  centimeters  in  length 
by  4  centimeters  in  maximum  width. 

Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 

Apoc3mophyllam  constrictum  Berry. 

^Apocynophyllum  constrictum  Berry,  U.  S.  Geol.  Survey 
Prof.  Paper  91,  p.  344,  pi.  103,  fig.  4,  1916. 

This  species  was  based  on  the  single  specimen 
figured,  which  was  collected  from  the  Wilcox  of 
Benton,  Ark.  Additional  material  was  col- 
lected recently  from  the  clay  ironstone  near 
Somerville,  Tenn.  This  is  of  importance  in 
showing  that  the  constricted  form  that  sug- 
gested the  name  of  this  species  was  not  anoma- 
lous but  the  normal  form  of  this  lower  Eocene 
ApocynophyUum.  It  is  also  important  in 
confirming  the  conclusion  that  all  the  known 
fossiliferous  Wilcox  in  Arkansas,  Louisiana,  and 
Texas  is  of  upper  Wilcox  age,  and  that  the 
Wilcox  sediments  were  progressively  trans- 
gressive  in  the  region  west  of  the  present  Mis- 
sissippi River. 

Occurrence:  Half  a  mile  south  of  Somerville- 
Whiteville  road,  Fayette  County,  Tenn.;  col- 
lected by  Russell  F.  Ryan. 


POSITION  XJNCXBTAIN. 
QenuB  PTEBOBALANT7S  Berry,  n.  gen. 

The  genus  has  the  characters  of  the  type  and 
only  known  species.  The  name  is  derived  from 
the  Greek  for  winged  fruit. 

Pterobahuins  tezanns  Berry,  n.  8R. 

Plate  XV,  figures  1,  2. 

Fruit  of  imcertain  nature,  either  a  many- 
seeded  indehiscent  capsule  or  a  drupe  with  a 
readily  flattened  stone;  the  impression  as  pre- 
served shows  no  trace  of  a  stone  and  rather 
points  to  its  having  been  a  many-seeded  cap- 
sule. The  fact  that  the  wings  are  so  well 
developed  rather  precludes  the  inference  that 
the  central  papillose  portion  of  the  specimen 
represents  the  base  from  which  the  essential 
part  of  the  fruit  had  been  broken  away. 

The  remains  consist  of  a  stout  stalk  or 
peduncle,  about  2.25  centimeters  in  length, 
sUghtly  enlarged  and  curved  proximad,  ex- 
panding distad  to  form  the  margin  of  a  central 
circular  thickened  papillose  disk,  which  is  2 
millimeters  in  diameter.  From  this  margin 
diverge  in  a  semicircular  fashion  about  twelve 
wings  or  enlarged  bracts.  These  are  beheved 
not  to  be  segments  of  a  calyx,  because  of  their 
collective  lack  of  symmetry,  none  being 
developed  on  the  proximal  or  inner  side  of  the 
central  disk. 

These  bracts  are  separate  lanceolate  in  out- 
line, entire  margined,  acutely  pointed,  and 
about  5  millimeters  in  length  by  1.5  millimeters 
in  maximum  width  in  their  expanded  median 
region.  Each  appears  to  have  two  longitudinal 
veins. 

The  systematic  position  of  this  interesting 
winged  fruit  is  unknown,  nor  do  I  recall  any- 
thing similar  in  the  existing  flora  or  in  described 
fossil  floras.  It  is  based  on  the  single  speci- 
men figured  and  its  counterpart. 

Occurrence:  Carrizo  sandstone  at  quarries 
half  a  mile  west  of  Carrizo  Springs,  Dimmit 
Coimty,  Tex. 
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Ark.;  2-4.  Palmocarpon  iHillHviuii  I 
m  pit,  near  Madirdd!  La.  16.  ainnuk  i 
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ARTOCARPOIDES  BALLI  BEHRY. 
A  large  leaf  tram  Ga«  pit,  ncac  MaiuGdd.  La. 
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FICUS  MISSISSIPPIENSIS  (LESQUEREUX)  BERRY. 
Two  of  the  large  narrow  forms  from  Goss  pit,  near  Mansfield,  I^i. 
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FICUS  MISSISSIPPIENSIS  (LESQUEREUX)  BERRY. 
Shorter  and  wider  form  from  same  locality  as  those  figured  on  Plate  VI. 
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FICUS  MISSISSIPPIENSIS  (LESQUEREUX)  BERRY. 
Widest  form  from  same  locality  as  those  figured  on  Plate  VI. 
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MAGNOLIA  AN GUSTI FOLIA  NEWBERRY. 
From  Gov  pit,  near  ManHfidd.  La. 


MAGNOLIA  LEEI  KNOWLTON. 
From  Goa  pit,  mar  MaiuTidd,  Id. 
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A  SECTION  OF  THE  PALEOZOIC  FORMATIONS  OF  THE  GRAND  CANYON  AT 

THE  BASS  TRAIL. 


By  L.  F.  Noble. 


INTRODUCTION. 

The  thick  series  of  horizontal  strata  of  Paleo- 
zoic age  which  makes  the  greater  part  of  the 
wall  of  the  Grand  Canyon  is  probably  broadly 
familiar  to  more  people  than  the  strata  exposed 
in  any  other  area  in  the  western  United  States. 
Each  detail  of  form  or  color  in  the  wall  is  so 
definitely  associated  with  a  bed  or  set  of  beds 
in  the  series  that  these  strata  are  the  very  ele- 
ments of  the  canyon  landscape.  Consequently 
they  have  been  described  not  only  by  geologists 
but  by  many  writers  who  have  been  interested 
in  the  Grand  Canyon  chiefly  as  a  scenic  spec- 
tacle. 

In  few  areas,  however,  where  the  general 
character  and  succession  of  the  rock  formations 
is  so  familiar  are  the  details  of  the  stratigraphy 
so  imperfectly  known.  In  the  Kaibab  division 
of  the  Grand  Canyon,  which  lies  within  the  bor- 
ders of  the  Grand  Canyon  National  Park  and  is 
the  best  known  and  most  visited  part  of  the 
canyon,  sections  of  the  Paleozoic  formations 
have  been  measured  at  four  different  places — 
(1)  at  Nunkoweap  Valley,  by  Walcott;  *  (2)  at 
CJongress  Canyon  (now  known  as  Red  Canyon), 
along  the  Hance  trail,  by  Freeh;  '  (3)  at 
Bright  ^Vngel  (Cameron)  trail,  by  Darton  *  and 
by  me;  *  and  (4)  in  the  region  about  Shinumo 
Creek  and  Bass  Canyon,  by  me.* 

None  of  these  sections  shows  in  detail  the 
lithology  of  all  the  Paleozoic  formations  at  any 

1  Walcott,  C.  D.,  U.  S.  Geol.  Survey  Tenth  Ann.  Rept.,  pt.  1,  p.  584, 
1880. 

*  Freeh,  F.,  Section  at  Con^^ress  Canyon:  Cong.  g(^ol.  luternat.,  5"  sess., 
Compte  rendu,  pp.  476-481, 1894. 

*  Darton,  N.  H. ,  A  reconnaissance  of  parts  of  northwestern  New  Mexico 
find  northern  Arizona:  U.  S.  Geol.  Survey  Bull.  435,  p.  21, 1910;  Guide- 
book of  the  weste^^  United  States,  I*art  C,  The  Santa  Fe  Route:  U.  S. 
Geol.  Survey  Bull.  613,  pp.  124-130, 1915. 

4  Noble,  L.  F.,  The  geol(^ic  history  of  the  Bright  Angel  quadrangle, 
Ariz.:  U.  8.  Geol.  Survey  Bright  Angel  topographic  map. 

*  Noble,  L.  F.,  The  Shinumo  quadrangle.  Grand  Canyon  district,  Arix.: 
V.  8.  Geol.  Survey  Bull.  649,  pp.  60-73,  1914. 


one  place,  although  some  of  them  show  the 
lithology  of  one  or  two  formations  in  detail. 
Consequently  none  is  adequate  as  a  standard 
for  clos'e  and  accurate  comparison  and  cor- 
relation of  the  formations  from  place  to  place 
in  the  canyon  or  for  a  detailed  comparison 
with  Paleozoic  rocks  exposed  elsewhere  in 
Arizona. 

Realization  of  this  lack  of  detailed  strati- 
graphic  information  has  led  me  to  undertake 
a  more  thorough  study  of  the  Paleozoic  rocks 
in  the  Grand  Canyon  than  has  been  attempted 
previously.  This  work,  begun  in  1914  and 
continued  in  1916  and  1920,  has  supplied 
material  for  a  fuller  description  of  the  strata 
than  was  heretofore  possible. 

The  present  report  includes  a  complete 
colunmar  section  of  the  Paleozoic  formations 
at  the  Bass  trail,  columnar  sections  of  the 
Cambrian  Ton  to  group  at  five  other  places  in 
the*  Kaibab  division,  and  a  discussion  of  the 
age  and  correlation  of  the  Paleozoic  forma- 
tions. Dr.  Walcott  has  kindly  furnished  from 
his  notes  material  for  a  fuller  description  of 
his  section  at  Kanab  Creek  than  has  been 
published,  and  I  have  used  this  material 
freely  in  comparing  and  correlating  the  strata 
exposed  at  Bass  Canyon,  in  the  Kaibab 
division,  with  those  exposed  at  Kanab  Creek, 
in  the  Kanab  division.  I  have  also  included 
in  the  report  a  section  of  the  strata  exposed  in 
Cedar  Mountain,  a  butte  on  the  Coconino 
Plateau  2  miles  east  of  the  rim  of  the  Grand 
Canyon  near  Tanner  Canyon.  This  section 
carries  the  Grand  Canyon  geologic  column 
up  into  the  Mesozoic.  The  strata  in  Cedar 
Mountain,  which  is  capped  by  the  Shinarump 
conglomerate,  of  Triassic  age,  are  the  only 
renmants  near  the  canyon  rim  of  formations 
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that  once  covered  the  region  but  have  been 
removed  by  erosion. 

A  map  of  the  Grand  Canyon  between  Nun- 
koweap  Valley  and  Kanab  Creek  (fig.  1)  shows 
the  localities  cited  in  this  report  and  indicates 
the  position  of  most  of  the  displacements  that 
cut  the  Paleozoic  strata  in  this  region.  A 
key  map  (fig.  2)  shows  the  localities  where 
I  measured  the  section  at  the  Bass  trail. 

The  section  at  the  Bass  trail  presented  in 
this  report  (PI.  XIX)  supplants  the  Paleozoic 


section  given  in  my  report  on  the  Shinumo 
quadrangle,*  because,  except  for  the  Bright 
Angel  shale,  the  section  given  in  the  Shinuma 
report  is  a  generalized  reconnaissance  section 
and  is  inaccurate  in  detail,  the  thicknesses 
assigned  to  formations  having  been  either 
estimated  or  obtained  by  means  of  rough  aner- 
oid measurement.  Several  of  the  formations 
described  in  the  Shinumo  report  are  herein 
redefined. 

•  Noble,  L.  F.,  op.  cit.y  pp.  eO-73. 
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EXPLANATION 
/  Bess  trail 

2  Boucher  trail 

3  Hermit  trail 

4  Cameron  trail 
.^jf{S  Berry  trail 
'*'"6'  Ha  nee  (Red  Canyon)  trail 

7  Tanner  trail 
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TiQTJKE  1.— Map  of  Grand  Canyon,  Ariz.,  between  Kauab  Creek  and  Nunkoweap  Valley* 
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FioxTRX  2.— Outline  map  of  area  about  Bass  trail,  Shisumo  quadrangle,  Ariz.,  showing  localities  where  different  parts  of  Paleozo 
measured.  Numbers  correspond  to  those  given  in  the  detailed  section.  Dotted  lines  show  cliffs  as  follows:  T,  Tapeats 
Redwall  limestone;  S,  Supai  formation  (uppermost  cliff);  C,  Coconino  sandstone.  Hachnres  along  rim  of  Qrand  Canyon 
Huethawali  show  uppermost  cliff  formed  by  the  Kaibab  limestone. 
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SECTION  AT  BASS  TRAIL. 

The  section  of  Paleozoic  rocks  at  the  Bass 
trail  is  given  below  in  two  forms — a  brief  sec- 
tion showing  the  major  subdivisions  and  a  de- 
tailed section  with  comments  on  the  beds. 

Section  of  Paleozoic  rocks  at  Bass  trail, 

1.  Generml  seetlon. 

CARBONIFEROUS   8Y8TEM. 

Kaibab  limeBtone  (Permian): 

A.  Gray  crystalline  limestone,  very  fossiliferous 

and  somewhat  cherty,  passing  at  base 
and  top  into  alternating  beds  of  very 
cherty  limestone  and  buff  calcareous 
sandstone;  forms  cliffs  and  steep  slopes. .      292 

B.  Buff  and  reddish  fine-grained  sandstone, 

poorly  consolidated  and  irregularly  bed- 
ded, containing  beds  of  sandy  breccia 
near  top ;  forms  slope 136 

C.  Buff  sandstone  and  limestone  in  alternating 

beds,  passing  at  top  into  maasive  siliceous 
limestone;  upper  portion  forms  a  strong 
cliff;  central  portion  forms  cli£fs  and 
ledges;  lower  portion  forms  a  slope 134 


562 


Coconino  sandstone  (Permian):  === 

Pale-buff,    uniformly    fine-grained    sandstone 

characterized   by  crossbedding  on  a  huge 

scale;  presents  the  appearance  of  a  single 

massive  bed ;  forms  the  strongest  and  highest 

cliff  in  the  upper  wall  of  the  canyon 330 

Hermit  shale  (Permian): 

Deep  brick-red  sandy  shale  and  fine-grained 
friable  sandstone;  characterized  in  upper 
portion    by    concretionary    structure;    beds 

form  slope 332 

Unconformity.  == 

Supai  formation  (redefined ;  Permian  (?)  and  Penn- 
sylvanian): 

A.  Alternating  beds  of  red  soft  platy  sandstone 

and  buff  hard  cross-bedded  sandstone, 
forming  a  ledgy  slope  broken  by  small 
cliffs;  passing  down  into  reddish  or  pur- 
plish to  buff  fine-grained  cross-bedded 
sandstone  in  heavy  massive  beds,  which 
form  a  strong  cliff 306 

B.  Alternating  beds  of  red  friable  shaly  sand- 

stone and  massive  cross-bedded  calcareous 
sandstone  including  a  few  thin  beds  of 
limestone  and  a  prominent  bed  of  lime- 
stone conglomerate  and  forming  a  steep 
ledgy  slope  broken  by  small  cliffs;  passing 
down  into  reddish  to  buff  fine-grained 
calcareous  sandstone  in  heavy  beds 
separated  by  thin  layers  of  limestone  or 
red  shale  and  forming  a  strong  cliff 439 

C.  Alternating  beds  of  red  shale,  bluish-gray 

or  purplish-gray  limestone,  and  reddish 
to  buff  calcareous  cross-bedded  sand- 
stone; passing  down  into  alternating  beds 

of  red  sandy  shale  and  bluish  or  purplish- 
gray  limestone  containing  red  chert;  form 


ledgy  slope  broken  by  small  cliffs;  out- 
crops of  many  beds  concealed  by  talus. . 


206 


953 


Unconformity  (?).  • 

Red  wall    limestone     (redefined     and     restricted; 
Mississippian): 

A.  Bluish-gray  massive  crystalline  limestone 

in  distinct  beds,  some  of  which  are  sepa- 
rated by  thin  partings  of  red  shale;  forms 
a  succession  of  small  cliffs  and  ledges 
above  sheer  cliff  of  subdi\iBion  B 62 

B.  Bluish-gray  massive  crystalline  limestone 

in  beds  whose  planes  of  separation  are 
inconspicuous,  so  that  when  seen  from  a 
distance  much  of  the  limestone  presents 
the  appearance  of  a  single  massive  stra- 
tum; forms  sheerest  and  most  sharply 
defined  cliff  in  the  canyon  wall;  thick- 
ness estimated ±500 

C.  Brecciated  limestone;  forms  slope  under  cliff 

of  subdivision  B 8 


Unconformity  (?). 


±570 


DEVONIAN   SYSTEM. 


Temple  Butte  limestone: 

Thin-bedded  buff  and  pale-purplish  sandy  mag- 
nesian  limestone;  more  or  less  blotched  and 
mottled ;  harder,  more  massive  beds  alternate 
with  softer,  more  conspicuously  laminated 
beds;  forms  ledgy  slope  broken  by  small 
cliffs 75 

Unconformity.  =^= 

CAMBRIAN    SYSTEM  (TONTO  GROUP). 

Muav  limestone: 

A.  Buff  massive  dolomite;  forms  strong  cliff. . .         6S 

B.  Buff    fine-grained    calcareous    sandstone; 

massive  at  top,  thinly  laminated  and  in 
part  micaceous  and  quartzose  near  base; 
forms  cliff 72 

G.  Alternating  thinly  laminated  beds  of  impure 
mottled  limestone,  intraformational  con- 
glomerate, platy  fine-grained  micaceous 
sandstone,  and  calcareous  sandstone; 
form  steep  slope 241 

D.  Gray  to  buff  hard  thinly  laminated  mottled 
limestone;  contains  partings  of  greenish 
sandy  shale  for  10  feet  at  base;  forms  cliff.         97 


473 


Bright  Angel  shale:  ^_____ 

A.  Thin-bedded  greenish  and  buff  micaceous 

shale  and  sandstone  with  interbedded 
layers  of  impure  mottled  limestone  and 
glauconitic  snuff-brown  dolomite  at  the 
base ;  beds  form  steep  slope  or  weak  cliff . .        5S 

B.  Thin-bedded  greenish  and  buff  micaceous 

shale  and  sandstone  with  two  beds  of 
snuff-brown  dolomite  and  sandstone  in 
the  middle  portion  which  form  two  con- 
spicuous brown  cliffs  in  a  long  slope  made 
by  the  shales  and  sandstones 333 
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Tapeats  Bandsione: 

A.  White  crose-bedded  sandstone;  forms  weak 

cliff 35 

B.  Chocolate-colored  sandstone  with  partings 

of  shale;  forms  steep  ledgy  slope 43 

G.  Massive  chocolate-colored  cross-bedded 
sandstone;  forms  sheer  cliff  along  rim  of 
Granite  Gorge 250 

328 

Total  thickness  of  Paleozoic  rocks i  4 ,0 14 

2.  DeUUed  BecClon. 

Kaibab  limestone: 

A.  1.  Limestone,  buff,  compact;  effervesces 
strongly  with  dilute  hydrochloric  acid; 
caps  a  small  cliff  on  the  rim  of  the 
canyon  at  the  head  of  Bass  trail.  Bass 
Camp,  on  the  Coconino  Plateau,  at 
the  head  of  the  trail,  is  built  upon  this 
stratum.  Higher  beds,  which  form 
the  surface  of  the  plateau  just  east  of 
the  camp,  are  not  included  in  this 
section 2 

2.  Limestone  (for  analysis  see  p.  69),  buff, 

siliceous;  texture  compact,  chalky; 
contains  small  cavities  lined  with  tiny 
crystals 6 

3.  Sandstone,  buff,  fine  grained,  calcare- 

ous; effervesces  with  acid 5 

4.  Alternating  thin  beds  of  \'ariegated  chert 

and  fine-grained  calcareous  sandstone.        25 

5.  Limestone,  gray,  crystalline,  very  cherty, 

fossiliferous.  The  chert  occurs  in  nod- 
ules and  in  bands;  in  places  it  con- 
stitutes half  of  the  rock.  Aside  from 
the  abundance  of  chert  the  limestone 
resembles  No.  6 40 

6.  Limestone  (for  analysis  see  p.  69),  gray, 

hard,  crystalline,  somewhat  cherty, 
very  fossiliferous;  effervesces  strongly 
with  acid.  Beds  differ  greatly  in 
thickness;  some  are  a  few  inches  thick, 
others  several  feet.  The  chert  occurs 
in  scattered  nodules  and  in  bands  but 
is  not  a  conspicuous  feature  of  the 
rock 126 

7.  Alternating   beds   of   fine-grained   buff 

calcareous  sandstone,  buff  limestone, 

and  chert ;  form  small  conspicuous  cliff .        10 

8.  Limestone,  gray,  hard,  crystalline,  some- 

what cherty,  fossiliferous;  like  No.  6  . .        60 

9.  Sandstone,  lemon-buff,  fine-grained,  cal- 

careous; bedding  irregular,  gnarly; 
forms  a  gentle  slope  covered  in  most 

places  by  talus 10 

10.  Limestone,  thin-bedded,  very  cherty; 
effervesces  with  acid.  The  chert  con- 
stitutes over  haK  of  the  rock  and  occurs 
in  parallel  bands  whose  average  thick- 
ness is  2  inches 8 

292 
[Note. — The  foregoing  section  of  subdi- 
vision  A  was  measured  under  the  rim 
of  the  canyon  directly  in  front  of  Bass 
C^amp,  at  locality  1,  figure  2.] 


B.  1.  Sandstone,  buff,  massive,  fine-grained, 
calcareous;  effervesces  weakly  with 
acid 4 

2.  Breccia   composed    chiefly    of   angular 

fragments  of  evenly  bedded  buff  fine- 
grained sandstone  embedded  in  a 
matrix  of  fine  lemon-buff  sand;  con- 
tains a  few  fragments  of  siliceous  lime- 
stone. The  fragments  range  in  diam- 
eter from  less  than  an  inch  to  over  4 
feet.  The  contact  of  the  breccia  with 
the  underlying  sandstone  is  w2Lvy  and 
irregular,  exhibiting  in  places  ine- 
qualities of  several  feet 17 

3.  Sandstone,    buff,    fine-grained,    friable. 

The  component  grains  are  quartz,  as 
in  other  sandstones  of  the  Kaibab, 
but  are  very  loosely  cemented,  so  that 
the  rock  crumbles  to  sand  when  struck 
with  the  hammer 1 

4.  Sandstone  like  No.  3,  but  bright  red 2 

5.  Buff  sandstone  like  No.  3 8 

6.  Bright-red  sandstone  like  No.  4 2 

7.  Lemon-buff  sandstone  like  No.  3 5 

8.  Bright-red   sandstone   like  No.  4;  con- 

tains a  1-inch  layer  of  pale-green  sand- 
stone in  the  central  portion 7 

9.  Sandstone,  lemon-buff,  fine-grained,  fri- 

able; bedding  irreg^ular,  gnarly;  con- 
tact with  underlying  sandstone  slightly 
wavy  and  irregular 3 

10.  Sandstone,   bright  red,   shaly;  bedding    * 

gnarly;  contact  with  underlying  brec- 
cia wavy  and  irregular,  exhibiting  in- 
equalitiesof  2  feet  or  more 3 

11.  Breccia  composed  of  angular  fragments 

of  fine-grained  sandstone  averaging  4 
inches  in  diameter.  Very  little  ma- 
trix between  the  fragments.  The 
appearance  of  the  rock  suggests  that 
it  was  crushed  and  shattered  after  it 
was  deposited.  The  contact  with 
the  underlying  sandstone  is  irregular, 
exhibiting  inequalities  of  several  feet . .         4 

12.  Reddish-buff,  loosely  consolidated  fine- 

grained sandstone  in  indistinct  but 
fairly  even  beds,  some  of  which  display 
gnarly  structure;  forms  debris-covered 
slope;  exposures  poor.  The  upper  3 
feet  of  the  sandstone  is  bright  red  and 
thinly  laminated 12 

13.  Sandstone  like  No.  12  but  more  com- 

pact, forming  a  weak  cliff;  gnarled 
and  twisted  structure  very  pronounced ; 
color  lemon-buff  to  reddish  buff 10 

14.  Sandstone  like  No.  12,  very  soft,  form- 

ing a  gentle  slope  that  is  covered 
nearly  everywhere  by  talus;  no  good 
exposures  obtainable.  Colored  white, 
lemon-buff,  greenish,  and  bright  red. 
In  some  places  the  color  is  in  blotches 
or  streaks;  in  others  a  single  color 
characterizes  each  bed 58 
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.  [Note. — ^The  foregoing  section  of  sub- 
division B  was  measured  on  the  north- 
east side  of  Fossil  Mountain,  at  lo- 
cality 2,  figure  2.] 
G.  1.  Limestone,    buff,    dense,    siliceous;  in 
heavy,  massive  beds;  forms  a  strong 
cliff ;  contains  much  chert  in  bands  and 
nodules  and  many  small  cavities  lined 
with  crystals  of  quartz  or  calcite.    In 
appearance  the  rock  suggests  silicified 
chalk.    Some  beds  effervesce  weakly 
with  acid 48 

2.  Limestone  like  No.  1  but  in  thinner  beds 

(1  foot  or  less)  which  are  separated  by 
thin  partings  of  buff  fine-grained  shaly 
sandstone ;  forms  a  steep  ledgy  slope 12 

3.  Limestone  like  No.  1;  forms  a  cliff 16 

4.  Shaly  sandstone,  lemon-buff,  soft,  thin- 

bedded,  fine-grained;  makes  alcove 
under  overhanging  cliff  of  No.  3 2 

5.  Limestone,  buff,  in    heavy    beds   with 

thin  sandy  partings,  not  notably  sili- 
ceous; effervesces  strongly  with  acid; 
forms  cliff 8i 

6.  Shaly  sandstone  like  No.  4;  makes  alcove 

under  overhanging  cliff  of  No .  5 3 

7.  Limestone  like  No.  5  but  in  thinner  beds 

(1  foot  or  less);  formsslope 11 

8.  Limestone,    buff,    dense,  siliceous,    in 

heavy  beds;  contains  numerous  crystal- 
lined  cavities  apparently  formed  by 
the  solution  of  brachiopods;  does  not 
effervesce  with  acid 5) 

9.  Limestone  like  No.  7,  in  beds  separated 

by  very  thin  partings  of  sand 5 

10.  Sandstone,  buff,  fine-grained 5 

11.  Limestone  like  No.  7,  but  in  a  single  bed.        1) 

12.  Sandstone,  buff,  fine-grained 6 

13.  Limestone,  buff,  siliceous,  fossiliferous: 

does  not  effervesce  with  acid :  contains 
numerous  small  cavities  lined  with  cal- 
cite crystals 1 J 

14.  Alternating    beds    of   lemon-buff    fine- 

grained sandstone  and  buff  limestone; 
beds  average  3  inches  in  thickness 6 

15.  Limestone,  buff,  not  notably  siliceous; 

effervesces  strongly  with  acid J 

16.  Sandstone,  lemon-buff,  fine-grained 2 

17.  Sandstone,  red,  fine-grained.    The  base 

of  this  layer  truncates  inclined  laminae 
of  the  underlying  Coconino  sandstone, 
which  dip  15^  S ^ 


[Note. — The  foregoing  section  of  sub- 
division C  was  measured  directly 
above  the  point  where  the  Bass  trail 
descends  the  Coconino  sandstone,  at 
locality  3,  figure  2.] 
Coconino  sandstone:  Pale-buff  fine-grained  sand- 
stone, cross- l>edded  on  a  huge  scale: 
app>ears  like  sinp^Ie  massive  l>ed;  forms 
highest  cliff  in  upper  wall  of  canyon. 
The  base  of  the  sandstone  is  marked  bv 

■ 

an  abrupt  chanire  from  buff  sandstone 
to  underlying  red  shale,  and  the  con- 
tact is  an  even  line.     In  places  the 
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imder  surface  of  the  sandBtone  shows 
impressions  of  sun  cracks.  For  25  feet 
above  the  base  the  cross-bedding  is  on 
a  small  scale,  and  horizontal  layers 
alternate  with  cross-bedded  layers; 
then  the  coarse  cross-bedding  begins 
and  continues  upward  until  the  sand- 
stone is  truncated  by  the  level  base  of 
the  Kaibab 330 

[Note. — The  foregoing  section  of  the  Co- 
conino sandstone  was  measured  on  the 
Bass  trail  at  the  point  where  the  trail 
descends  the  sandstone,  at  locality  3, 
figure  2.  At  Mount  Huethawali,  a 
mile  northwest  of  this  point,  the  basal 
layer  of  the  Coconino  is  massive  sand- 
stone 5  feet  thick  which  displa>'s  no 
croes-bedding.] 

Hermit  shale : 

1.  Sandstone,  red,  soft,  fine-grained,  mas- 

sive, with  a  thin  layer  of  green  shale  at 
the  top.  Exhibits  well-marked  con- 
cretionary structiu-e;  the  concretions 
are  spheroidal  forms  which  range  from 
half  an  inch  to  4  feet  in  diameter  and 
consist  of  the  general  mass  of  the  rock; 
in  weathering,  the  rock  splits  off  in 
concentric  shells  along  the  concretion- 
ary surfaces 5 

2.  Sandstone,  fine-grained,  massive;  resem- 

bles the  Coconino  sandstone  in  texture 
and  composition  but  is  not  cross- 
bedded;  lower  half  buff;  upper  half 
red  with  buff  blotches 6 

3.  Concretionarv  sandstone  like  No.  1,  in 

massive  layers 16 

4 .  Shale ,  deep  red ,  thinly  laminated ,  sandy .        24 

5.  Beds  of  soft  massive  concretionary  red 

sandstone  like  No.  1  alternating  with 
thinner  beds  of  deep-red  shale  like  No. 
4:  sandstones  and  shales  not  conspic- 
uously different  in  composition 28 

6.  Shale,  deep  red,  sandy 16 

7.  Sandstone,  pink,  hard,  very  finegrained; 

contains  cracks  and  ca\'ities  filled  with 
cr\'stals  of  calcite  (dog-tooth  spar) ;  rock 
itself  does  not  effervesce  with  acid; 
forms  small  prominent  cliff 6 

8.  Shale,  soft,  brick-red,  thinly  laminated, 

sandy 28 

9.  Sandstone,    brick-red,   friable,   massive; 

forms  weak  cliff 2 

All  underlying  beds  of  shale  are  like 
No.  8;  all  underhdng  beds  of  sand- 
stone like  No.  9.  The  beds  designated 
shale  and  sandstone  actually  differ 
little  in  composition;  both  consist  es- 
sentially of  sandy  mud  colored  red  by  a 
strong  ferritic  pigment.  The  beds 
designated  sandstone  are  massive  and 
relatively  compact,  as  contrasted  with 
the  beds  designated  shale,  which  are 
thinly  laminated  and  soft.  Both  types 
of  rock  are  friable. 
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10.  Shale,  containing  beds  of  maaaiYe  friable 

sandstone  near  the  top 33 

11.  Sandstone  in  massive  beds;  contains  a 

1-foot  layer  of  shale  in  the  middle  por- 
tion; forms  weak  cliffs 8 

12    Shale 11 

13.  Sandstone;  forms  weak  cliff 10 

14.  Shale 33 

15.  Alternating  lenticular  beds  of  intraforma- 

tional  conglomerate  and  red  fine- 
grained sandstone  averaging  1  foot  in 
thickness;  beds  display  indistinct  sun 
cracks  and  rain  prints;  form  weak  cliff . 
The  conglomerate  consists  chiefly  of 
flattened  pebbles  of  fine-grained  sand- 
stone or  sandy  shale  less  than  1  inch  in 
diameter  embedded  in  a  matrix  of  red 
sandy  mud  but  contains  some  nodular 
or  concretionary  fragments  of  limestone       6 

16.  Shale 11 

17.  Sandstone 3 

18.  Shale 40 

19.  Sandstone 2 

20.  Shale ; 6 

21.  Sandstone;  forms  weak  cliff 5 

22.  Shale 16 

23.  Sandstone;  forms  weak  cliff 5 

24.  Shale 12_ 

332 


[Note. — ^The foregoing  section  was  meas- 
ured at  the  east  end  of  Moimt  Huetha- 
wali,  about  a  quarter  of  a  mile  north- 
west of  the  point  where  the  Baas  trail 
begins  to  descend  into  Bass  Canyon,  at 
locality  4,  figure  2.] 
8ui>ai  formation: 

A.  1.  Sandstone,  white,  fine-grained,  cross- 
bedded,  hard,  calcareous;  effervesces 
with  acid ;  contains  many  cracks  lined 
with  calcite;  forms  a  small  conspicuous 
cliff  and  determines  a  wide  shelf  at 
the  general  level  of  the  Esplanade 
platform.  At  the  point  where  the  sec- 
tion was  measured  the  fioor  of  the  Es- 
planade consists  in  part  of  this  sand- 
stone and  in  part  of  hnolls  of  soft  red 
Hermit  shale  which  overlie  the  sand- 
stone         2J 

2.  Sandstone,  red,  soft,  friable,  platy,  fine- 

grained; forms  a  long,  gentle  slope 16 

3.  Sandstone,   buff,   fine-grained,   massive, 

weathers  white;  effervesces  with  acid; 
unites  with  imderl3dng  bed  in  forming 
acliff 1 

4.  Sandstone,  pinkish  buff,  cross-bedded...        5} 

5.  Red   soft  platy  sandstone  like  No.   2; 

forms  slope 4§ 

6.  Massive  buff  sandstone  like  No.  3;  hard; 

forms  strong  cliff 12 

7.  Red  soft  platy  sandstone;  forms  slope. . .        7 

8.  Pinldsh-buff  cross-bedded  sandstone  like 

No.  4;  forms  cliff 5 

91048°— 23 3 


A.  9.  Soft  platy  beds  of  red  sandstone  alternat- 
ing with  harder,  more  massive  beds; 
form  long  ledgy  slope 44 

10.  Pinldsh-buff  cross-bedded  sandstone;  up- 

per surface  weathers  white;  forms  cliff.      10 J 

11.  Red  soft  platy  sandstone;  forms  waste- 

covered  slope : 6 

12.  Pinkish-buff     cross-bedded     sandstone; 

forms  cliff 7 

13.  Red  soft  platy  sandstone;  forms  waste- 

covered  slope 15 

14.  Fine-grained  sandstone  in  heavy,  massive 

beds,  some  of  which  are  separated  by 
thin  partings  of  red  soft  platy  sand- 
stone; cross-bedded  throughout;  in- 
clined laminae  dip  south;  some  beds 
near  the  base  display  an  irregular, 
gnarly  structure.  The  prevailing  color 
of  the  upper  40  feet  of  the  sandstone  is 
pale  brick-red;  that  of  the  lower  125 
feet  ranges  from  pale  purplish  to  buff. 
The  rock  of  most  beds  does  not  effer- 
vesce with  acid.  A  bed  of  sandy 
limestone  or  very  calcareous  sandstone 
2  feet  thick  occurs  35  feet  above  the 

base  of  the  sandstone 165 

A.  15.  Conglomerate,  composed  of  subangular 
fragments  of  sandstone  embedded  in  a 
matrix  of  fine  sand  of  the  same  compo- 
sition as  the  fragments;  probably  an 
intraforinational  conglomerate:  dis- 
plays a  rude  concretionary  structiu'e; 
fragments  weather  by  splitting  off  in 
concentric  shells.  Many  of  these  shells 
are  embedded  in  the  matrix.  The  con- 
glomerate varies  in  thickness  and  in 
places  is  absent;  appears  to  rest  upon  a 
slightly  uneven  surface ^ 0-5 

306 

[Note. — ^At  the  rim  of  Bass  Canyon  di- 
rectly east  of  Mount  Huethawali  subdi- 
vision A  of  the  Supai  is  cut  by  a  fault 
which  breaks  the  strong  cliff  formed  by 
bed  14.  The  Bass  trail  descends  the 
cliff  in  a  shattered  zone  along  the  fault. 
The  strata  have  been  displaced  about 
130  feet  by  the  fault,  those  on  the  east 
side  being  relatively  lowered.  In 
measuring  subdivision  A  at  Baes  trail 
it  was  necessary  to  divide  the  section 
at  the  fault.  Beds  1  to  13  and  the 
upper  40  feet  of  bed  14  were  measured 
west  of  the  fault,  in  the  slope  between 
the  trail  and  the  base  of  Mount  Hue- 
thawali, at  locality  4,  figure  2.  Bed 
15  and  the  lower  125  feet  of  bed  14 
were  measured  on  the  trail  just  east 
of  the  fault,  at  locality  5,  figure  2. 
The  thickness  which  I  have  assigned 
to  bed  14  may  be  incorrect,  because  I 
could  not  locate  equivalent  layers  in 
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the  bed  on  opposite  sides  of  the  fault, 
owing  to  the  homc^eneity  of  the  sand- 
stone.] 
B.  1.  MagNita  or  reddish  platy  fine-grained 
shaly  calcareous  sandstone;  effervesces 
with  acid;  forms  slope •     30 

2.  Hard  massive  sandy  limestone  or  very 

calcareous  sandstone;  effervesces 
strongly  with  acid;  unites  with  imder- 
lying  bed  in  forming  cliff 2 

3.  Gnarly  sandstone  blotched  purplish  and 

buff 

4.  Bed  friable  sandstone;  forms  slope 

5.  Buff  cross-bedded  calcareous  sandstone; 

forms  cliff 

6.  Bed  friable  shaly  sandstone;  forms  slope. 

7.  Alternating  lenticular  beds  of  conglom- 

erate and  fine-grained  sandstone,  both 
cross-bedded.  Most  of  the  conglom- 
erate consists  of  well-rounded  water- 
worn  pebbles  4  inches  or  less  in  diame- 
ter embedded  in  a  matrix  of  red  mud 
and  sand;  most  of  the  pebbles  are 
bluish-gray  or  purplish-gray  nodular 
limestone,  but  some  are  fine-grained 
sandstone.  Some  beds  exhibit  the 
peculiar  concretionary  structiue  that 
characterizes  bed  15  of  subdivision  A 
and  consist  of  subangular  fragments  of 
sandstone  ranging  from  less  than  1  inch 
to  more  than  2  feet  in  diameter  em- 
bedded in  sand  of  the  same  composi- 
tion as  the  fragments.  The  beds  of 
conglomerate  and  sandstone  rest  on  an 
uneven  surface  that  exhibits  a  relief  of 
several  feet 

8.  Bed  friable  shaly  sandstone;  forms  slope. 

9.  Pinkish-buff     cross-bedded     calcareous 

sandstone;  unites  with  underlying  bed 
in  forming  cliff 

10.  Piok  hard  massive  sandy  limestone  or 

very  calcareous  sandstone;  effervesces 
strongly  with  acid 

11.  Bed  friable  soft  sandstone;  exhibits  con- 

cretionary structure;  forms  slope 

12.  Buff  cross-bedded  sandstone;  forms  cliff. 

13.  Beds  of  red  shale  and  soft  concretionary 

calcareous  sandstone;  form  alcove 
under  cliff  of  No.  12 

14.  Light  brick-red  to  pinkish-buff,  rather 

soft  cross-bedded  calcareoxis  sandstone 
with  a  few  interbedded  layers  of  red 
shaly  sandstone;  forms  a  steep  ledgy 
slope  broken  by  weak  cliffs ;  some  beds 
contain  elongated  rudely  cylindrical 
or  conical  forms  which  are  lighter  in 
color  than  the  mass  of  the  rock  and  in 
places  weather  out  of  the  rock.  These 
forms  are  of  various  sizes,  but  most  of 
them  are  less  than  1  inch  in  diameter. 
They  are  undoubtedly  organic  in  ori- 
gin and  may  be  fucoids 80 
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19. 


21. 
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B.  15.  Bed  friable  soft  thinly  laminated  sand- 
stone; forms  slope 10 

16.  Massive  sandy  limestone  or  very  calca- 

reous sandstone;  rests  on  a  slightly  un- 
even wavy  surface  that  truncates  in- 
clined laminae  of  the  underlying  sand- 
stone; caps  cliff  formed  by  the  under- 
lying sandstone 3 

17.  Buff  fine-grained  croes-bedded  calcareous 

sandstone;  effervesces  with  acid.  The 
cross-bedding  is  on  a  coarse  scale;  sev- 
eral wedges  exceed  30  feet  in  thickness, 
and  one  wedge,  exposed  at  the  4,857- 
foot  bench  mark  on  the  Bass  trail,  is  as 
thick  as  the  entire  bed.  The  Bass 
trail  descends  the  bed  on  the  inclined 
laminae  of  this  wedge;  inclined  lami- 
nae in  all  wedges  dip  south;  curvature 
of  laminae  not  a  conspicuous  feature; 
angular  type  of  cross-bedding  appears 
to  prevail;  bed  forms  strong  cliff 

Alternating  beds  of  red  friable  calcareous 
sandstone  and  maroon  soft  thinly  lam- 
inated shale;  form  ledgy  slope 

light  brick-red  calcareous  sandstone; 
effervesces  strongly  with  acid;  contains 
elongated  cylindrical  or  conical  forms 
similar  to  those  in  bed  14  and  numer- 
ous obsciUB  small  branching  forms 
which  may  represent  either  fucoids  or 
worm  burrows;  makes  a  ledgy  slope...  6 

20.  Nodular  purplish-gray  limestone;  con- 
tains large  numbers  of  the  obscure 
forms  noted  in  bed  19;  cape  cliff 
formed  by  underlying  bed 1 

Buff  cross-bedded  calcareous  sandstone; 
like  No.  17,  but  the  cross-bedding  is  on 
a  less  coarse  scale;  forms  strong  cliff .. .        20 

Beds  of  calcareous  sandstone  blotched 
red  and  buff  separated  by  thin  beds  of 
maroon  shale  which  exhibit  sun- 
cracked  surfaces;  form  alcove  under 
cliff  of  No.  21.  The  Bass  trail  follows 
this  alcove  southward  to  a  gulch  in 
which  it  descends  a  long  rock  slide  to 
the  base  of  the  Supai 6 

23.  Hard  pinkish  or  purplish  fine-grained 
limestone  blotched  greenish  buff; 
crystalline  in  places;  contains  the  ob- 
scure forms  noted  in  bed  19,  also  small 
masses,  largely  calcite,  whose  outUnes 
suggest  those  of  brachiopods;  with 
underlying  beds  forms  strong  cliff...  3 

24.  Beds  of  pinkish  fine-grained  limestone; 
form  cliff 10 

25.  Buff  cross-bedded  calcareous  sandstone 
like  No.  21;  forms  cUff 35 

26.  Bed  shale;  forms  small  alcove 1 

27.  Buff  cross-bedded  calcareous  sandstone 
like  No.  21,  di\ided  into  two  beds  by 
a  thin  parting  of  red  shale  in  the  cen- 
ter;  forms    strong  cliff.    The  under 
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surface  of  the  lower  sandstone  bed  ex- 
hibits casts  of  sun  cracks  at  the  contact 

with  the  underlying  shale 34 

B.  28.  Maroonshale i 

29.  Massive  buff  calcareous  sandstone;  base 

slightly  uneven,  wavy li 
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C.  1. 


2. 


3. 


4. 


5. 


7. 


8. 


9. 


10. 
11. 

12. 
13. 


14. 
15. 


16. 


Bluish-gray  nodular  limestone  mixed 
with  red  mud  which  imparts  a  blotched 
or  mottled  appearance  to  the  rock ....       1 

Maroon  shale;  exhibits  concretionary 
structure;  in  part  brecciated;  cracks 
between  fragments  infiltrated  with 
red  mud;  contact  with  underlying  bed 
uneven,  wavy 2-4 

Bluish-gray  nodular  limestone  mixed  with 
purplish  mud,  some  of  which  appears 
to  have  been  infiltrated  along  cracks; 
in  part  brecciated;  contains  the  ob- 
scure forms,  probably  fucoids,  noted 
in  B  14,  20,  and  other  beds 3 

[Note.— Beds  B  28  and  29  and  G  1, 2, 
and  3  form  an  alcove  under  the  cliff 
at  the  base  of  subdivision  B.  The 
foregoing  section,  including  all  of  sub- 
division B  and  beds  1  to  3  of  subdivi- 
sion 0,  was  measured  on  or  near  the 
Baas  trail  on  the  west  side  of  Bass 
Canyon,  at  locality  5,  figure  2.] 

Slope  covered  by  talus,  largely  concealing 
underlying  rock.  Exposed  beds  con- 
sist of  purplish  platy  calcareous  sand- 
stone or  sandy  limestone,  blotched 
buff,  separated  by  thin  layers  of  red 
shale 28 

Pinkish-buff  hard  cross-bedded  calcareous 
sandstone;  forms  cliff 10 

Red  platy  sandy  shale 3 

Bluish-gray  compact  crystalline  cherty 
limestone  passing  downward  into  hard 
cross-bedded  calcareous  sandstone; 
forms  cliff 14 

Cross-bedded  calcareous  sandstone  with 
a  2-inch  layer  of  red  shale  at  the  base; 
forms  steep  slope 11 

Purplish  sandy  Umestone;  unites  with 
underlying  bed  in  forming  a  cUff ;  con- 
tact with  underlying  bed  uneven,  ex- 
hibiting inequalities  of  2  feet  in  places .    1-3 

Hard  cross-bedded  calcareous  sandstone.     2-4 

Red  soft  shaly  sandstone;  in  part  cross- 
bedded  ;  forms  a  weak  cliff 30 

Red  sandy  shale ;  forms  slope 22 

Bluish-gray  limestone  with  conspicuous 
bands  of  reddish  or  pink  chert;  in 
places  the  limestone  is  mixed  with  red- 
dish or  purplish  mud,  which  imparts  a 
mottled  appearance  to  the  rock 2 

Red  sandy  shale ;  forms  slope 4 

Purplish  sandy  limestone,  in  part  crystal- 
line; contains  a  few  nodules  of  red 
chert;  forms  slope 5 

Red  soft  fine-grained  shaly  sandstone  in 
platy  beds ;  forms  slope 6 


C.  17.  Buff  hard  fine-gramed  cakaraoaa  smd- 

stone;  forms  strong  cliff 9 

18.  Buff   fine-grained   shaly  sandstone;  in 

part  conglomerate  composed  of  lumps 
of  chert  and  buff  sandy  limestone 
averaging  an  inch  in  diameter;  forms 
slope 5 

19.  Red  shale;  forms  slope 12 

20.  Bluish-gray  limestone  containing  parallel 

bands  of  red  chert 2 

21.  Purplish   massive   friable   sandy   shale 

speckled  with  small  circular  buff  spots, 
passing  down  into  bluish-gray  nodular 
cherty  limestone & 

22.  Gnarly  nodular  bed  composed  of  lumps  of 

purplish  sandy  shale  mixed  with  pur- 
plish mud I 

23.  Conspicuously  banded  bed  composed  of 

bluish-gray  limestone  and  white  or  red 
chert;  forms  strong  cliff;  the  alternat- 
ing bands  of  chert  and  limestone  aver- 
age an  inch  in  thickness;  in  places  the 
limestone  at  the  summit  of  the  bed  is 
mixed  or  infiltrated  with  red  mud 10 

24.  Gentle  slope  covered  by  talus  which  con- 

ceals the  bed  so  completely  that  no 
outcrops  can  be  found.  The  bed 
appears  to  be  a  reddish  or  purplish  soft 
shale 14 
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[Note. — ^The  foregoing  section  was  meas- 
ured on  the  east  side  of  Bass  Canyon  a 
quarter  of  a  mile  northeast  of  the  point 
where  the  Bass  trail  descends  a  break 
in  the  Redwall  cliff  at  the  head  of  the 
canyon,  at  locality  6,  figure  2.  This 
break  is  on  the  line  of  a  fault  along  the 
axis  of  Bass  Canyon.  The  stmta  are 
displaced  about  75  feet  by  the  fault, 
those  on  the  west  side  of  the  canyon 
being  relatively  lowered.] 

Redwall  limestone: 

A.  1.  Bluish-gray  massive  limestone  in  heavy 
beds;  contains  a  few  scattered  nodules 
of  chert;  forms  strong  cliff 38 

2.  Red,    purple,    or    greemsh-buff    shale; 

thinly  laminated ;  forms  slope 1 

3.  Beds  of  bluish-gray  limestone  separated 

in  places  by  paper-thin  partings  of  red 
shale ;  form  steep  ledgy  slope 7 

4.  Bluish-gray  limestone  and  red  shale  in 

alternating  beds  which  average  1  inch 
thick;  form  slope 2 

5.  Crystalline  limestone;  white  on  freshly 

broken  surfaces;  effervesces  strongly 
with  acid ;  contains  a  few  chert  nodules 
and  here  and  there  a  poorly  preserx'ed 
fossil  (see  pp.  56-57) ;  forms  strong  cliff.  q 

6.  BluLsh-gray  crystalline  limestone  in  beds 

le^s  than  6  inches  thick  separated  by 
paper-thin  partings  of  reddish  or  buff 
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sandy  shale;  wastes  back  in  a  slope, 
leaving  a  ledge  at  the  summit  of  the 
sheer  cliff  of  subdivision  B 


8 


62 


[Note. — ^The  foregoing  section  was  meas- 
ured on  the  east  side  of  Bass  Canyon 
directly  under  the  place  where  sub- 
division C  of  the  Supai  was  measured, 
at  locality  6,  figure  2.] 
B .  Massive  crystalline  limestone  forming  a  sheer 
high  cliff;  upper  portion  heavily  and 
obscurely  bedded;  middle  portion  dis- 
tinctly bedded  and  containing  many 
thin  interbedded  layers  of  chert  and 
sand;  lower  portion  heavily  bedded 
and  .nagnesian.  Most  beds  contain 
scat tcre:!  nodules  of  chert.  Many  con- 
tain coarse  crystals  of  calcite;  some  of 
the  calcite  lines  cavities;  some  of  it 
occurs  in  large  masses  in  the  rock; 
some  of  it  forms  beds  several  inches  to 
a  foot  thick.  Intercalated  layers  of 
sand  are  commonly  less  than  a  foot 
thick,  are  loosely  cemented,  and  ex- 
hibit gnarly  structure;  most  of  them 
rest  on  irregular,  wa\'y  surfaces.  In 
many  places  the  limestone  cliff  is 
stained  pink  by  ferritic  pigment 
washed  over  it  from  overlying  red 
shales;  unstained  surfaces  of  the  lime- 
stone weather  bluish  gray;  freshly 
broken  surges  are  gray,  buff,  or  white. 
Subdivision  B  is  rudely  divisible  into 
three  members,  as  follows: 

1.  Obscurely   bedded   limestone,    most   of 

which  is  in  heavy  beds;  beds  differ 
greatly  in  thickness,  some  being  over 
20  feet  thick,  others  only  a  few  inches; 
most  of  the  limestone  is  finely  crystal- 
line, light  gray  or  white  on  freshly 
broken  surfaces,  and  very  -pure  (for 
analysis  see  p.  55);  effervesces  strongly 
with  acid .  Contains  a  few  thin  beds  of 
sand,  some  chert,  and  much  calcite  in 
coarse  crystals.  Surface  of  limestone 
at  top  of  cliff  exhibits  very  poorly  pre- 
served fossils.    Thickness  estimated . .  ±200 

2.  Distinctly  bedded  limestone  in  rather 

uniform  beds,  most  of  which  do  not 
exceed  5  feet  in  thickness;  limestone 
beds  alternate  vdih  thin  layers  of  chert 
or  sand;  effervesce  strongly  with  acid; 
some  beds  are  very  fossiliferous,  but 
fossils  are  poorly  preserved.  Owing  to 
its  laminated  character  this  member  is 
less  resistant  to  erosion  and  recedes 
faster  than  the  overl>dng  heavy-bedded 
limestone,  so  that  in  many  places  it  is 
overhung  by  the  overlying  member. 
This  difference  in  erosion  determines 


the  formation  of  great  niches  or  alcoves 
in  the  Redwall  cliff.  Thickness  esti- 
mated    ±220 

B.  3.  Heavy-bedded  magnesian  limestone; 
chemical  composition  near  that  of  dolo- 
mite (see  analysis,  p.  55);  does  not  ef- 
fervesce freely  with  acid;  some  beds 
are  separated  by  thin  layers  of  loosely 
consolidated  sandstone;  under  Wal- 
lace Butte  the  limestone  rests  on  a 
layer  of  loose  gnarly  sandstone  I  foot 
thick.    Thickness  estimated ±80 


±500 


[Note. — The  foregoing  section  of  subdivi- 
sion B  was  examined  along  the  Bass 
trail ,  at  locality  6,  figure  2.  The  thick- 
ness assigned  to  Bubdi\dsion  B  is  the 
thickness  of  its  cliff  imder  Wallace 
Butte  in  Bass  Canyon  as  measured  on 
the  topographic  map  of  the  Shinumo 
quadrangle.] 
C.  Brecciated  limestone  composed  of  suban- 
gular  fragments  of  limestone  6  inches 
or  less  in  diameter  embedded  in  a 
matrix  of  yellowish  or  purplish  sand; 
in  places  passes  into  gnarly  calcareous 
sandstone  or  into  limestone  containing 
irregular  masses  of  yellowish  or  pur- 
plish sand;  forms  steep  slope  or  weak 
cliff  imder  sheer  cliff  of  subdivision  B. 
In  places  the  base  of  this  curious  bed  is 
imeven;  in  places  the  summit  is  un- 
even.   Average  thickness 


8 


[Note. — ^The  foregoing  section  of  sub- 
division C  was  measured  under  Wallace 
Butte  on  the  west  side  of  Bass  Can  von, 
at  locality  7,  figure  2.] 

« 

Temple  Butte  limestone: 

1.  Thinly  laminated  sandy  magnesian  lime- 

stone in  rubbly  beds  mottled  pale 
piuplish  or  buff;  effervesces  feebly 
with  acid;  soft;  forms  slope.  Some 
mottled  beds  resemble  beds  in  the 
Muav  limestone  that  have  been  bored 
by  worms 10 

2.  Limestone  like  No.  1  but  harder  and 

more  massive ;  forms  small  cliff 3 

3.  Thin  beds  of  limestone  like  No.  1  alter- 

nating with  thin  beds  of  intraforma- 
tional  conglomerate  composed  largely 
of  flattened  pebbles  of  limestone;  form 

slope 5i 

4.  Limestone  like  No.  2;  forms  cliff 4) 

5.  Limestone  like  No.  1 ;  forms  slope 21 

6.  Limestone  like  No.  2 ;  forms  small  cliff. . .  1 

7.  Limestone  like  No.  1;  forms  slope 6 

8.  Limestone  like  No.  2;  forms  strong  cliff..  3 

9.  Limestone  like  No.  2 :  forms  cliff 3 
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10.  Maasiye  bed  of  purplish  cryetalline  mag- 

neaian  limestone;  forms  cliff 1 

11.  Limestone  like  No.  2;  forms  cliff;  surface 

exhibits  cross  sections  of  poorly  pre- 
served cup  corals  (?) 3 

12.  Limestone  like  No.  1 ;  forms  slope 6 

13.  Limestone  like  No.  2;  forms  cliff 3 

14.  Limestone  like  No.  1  (for  analysis  see 

p.  52);  very  soft;  forms  gentle  slope 
above  strong  cliff  at  top  of  underlying 
Muav  limestone 5 


[Note. — The  foregoing  section  was  meas- 
ured under  Wallace  Butte  on  the  west 
side  of  Bass  Canyon,  at  locality  7, 
iiguie  2.  At  this  locality  the  con- 
tact between  bed  14  and  the  un- 
derlying Muav  limestone  exhibits  no 
irregularity  in  a  distance  of  1,000 
feet,  and  the  bed  appears  to  rest  con- 
formably upon  the  Muav  limestone, 
but  in  Ruby  Canyon,  2  miles  southeast 
of  Bass  Canyon,  the  contact  is  very 
uneven,  exhibits  vertical  inequalities 
of  40  feet  or  more  in  horizontal  dis- 
tances of  a  few  hundred  feet,  and 
clearly  represents  a  strong  line  of 
erosion.] 

Muav  limestone: 

A.  1.  Buff  hard  massive  crystalline  dolomite  in 
heavy  beds  (for  analysis  see  p.  — );  does 
not  effervesce  with  acid;  forms  cliff. 
At  one  place  on  the  east  side  of  Bass 
Canyon  the  thickness  of  the  dolomite 
is  25  feet  less  than  it  is  under  Wallace 
Butte,  on  the  west  side  of  the  canyon, 
where  this  section  was  measured.  Ap- 
parently a  depression  in  the  surface  of 
erosion  at  the  top  of  the  Muav  exists 
at  that  point,  but  the  feature  is  obscure 
because  fans  of  talus  mask  the  strata 
for  some  distance  on  both  sides  of  the 
exposure 

2.  Poorly  exposed  bed  of  soft  rock,  appa- 

rently greenish -buff  shaly  sandstone; 
detefmines  a  narrow  ledge  which 
breaks  the  cliff  formed  by  Nos.  1  and  3 

3.  Buff  hard  massive  crystalline  dolomite 

in  heavy  beds;  probably  originally  a 
very  fine  calcareous  sand;  exhibits 
indistinct  cross-bedding;  forms  cliff.  . 


B.  Pale-buff  to  greenish -buff  fine-grained  cal- 
careous sandstone  blotched  purplish 
in  places;  beds  differ  greatly  in  thick- 
ness, ranging  from  a  fraction  of  an  inch 
to  6  feet;  some  beds  are  massive;  others 
thinly  laminated;  some  exhibit  in- 
distinct cross-bedding;  massive  beds 
predominate  in  upper  part  of  the  sub- 
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division,  thinly  laminated  beds  in 
lower  part.  The  sand  is  prevailingly 
calcareous;  many  beds  effervesce  read- 
ily with  acid,  and  specimens  of  these 
beds  tested  in  the  Survey  laboratory 
show  little  magnesium;  the  rock  in  a 
few  massive  beds,  however,  resembles 
the  overlying  dolomite  (A  3),  effer- 
vesces feebly,  and  is  magnesian. 
Some  of  the  sand  is  finely  micaceous, 
and  some  is  finely  quartzose.  A  num- 
ber of  the  beds  contain  tiny  greenish 
grains  of  glauconite.  Some  beds  are 
worm-bored.  Beds  of  intraformational 
conglomerate  composed  of  flattened 
pebbles  of  calcareous  sandstone  occur 
at  several  horizons.  A  thin  layer  of 
reddish  sandy  shale  associated  with  a 
bed  of  intraformational  conglomerate, 
40  feet  above  the  base  of  the  sub- 
di\'ision,  exhibits  well-preserved  sun 
cracks.  The  laminated  beds  at  the 
base  of  the  subdivision  consist  chiefly 
of  platy  micaceous  sandstone  which 
does  not  effervesce  with  acid 72 

C.  1.  Thin  layers  of  calcareous  intraformational 
conglomerate,  platy  greenish  micaceous 
sandstone,  greenish  micaceous  shale, 
and  buff  cross-bedded  calcareous  sand- 
stone in  countless  alternations.  The 
intraformational  conglomerate  consists 
essentially  of  small  flattened  pebbles  of 
gray  and  buff  mottled  limestone  like 
that  of  subdivision  D  and  buff  calcare- 
ous sandstone;  all  parts  of  it  effervesce 
with  acid.  The  pebbles  have  rounded 
edges  and  are  cemented  together  by 
fine-grained  calcareous  micaceous 
sandy  mud  or  by  calcium  carbonate. 
Most  of  the  rock  contains  worm  bur- 
rpws  and  fucoidal  casts  filled  with  buff 
sand.  Beds  range  in  thickness  from  less 
than  half  an  inch  to  6  inches  and  are 
lenticular;  many  wedge  out  in  dis- 
tances of  100  feet;  some  pass  horizon- 
tally into  cross-bedded  sandstone; 
small  local  unconformities  are  common. 
Some  beds  are  blotched  purplish. 
Many  layers  of  the  micaceous  sandstone 
and  shale  are  as  thin  as  cardboard. 
Much  of  the  calcareous  sandstone  con- 
sists almost  entirely  of  calcium  carbon- 
ate and  might  be  classed  as  limestone, 
but  the  cross-bedding  reveals  its  clastic 
origin.  In  most  places  bed  1  and  the 
underlying  beds  2  to  7  form  cliffs 8 

2.  Gray  and  buff  mottled  limestone  like  sub- 

division D,  but  in  beds  separated  by 
partings  of  buff  sand  as  thin  as  card- 
board         2 

3.  Intraformational  conglomerate  like  that  in 

bedl J 
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the  Shinumo  quadrangle  exhibits  a  re- 
lief of  nearly  600  feet;  consequently  the 
thickness  of  subdivision  G  at  any  point 
depends  on  the  topography  of  the 
underlying  surface.  N  ear  the  mouth  of 
Bass  Canyon,  where  this  section  was 
measured,  subdivision  C  Ib  328  feet 
thick,  whereas  a  mile  to  the  northeast, 
under  Dox  Castle,  it  is  absent.  The 
thickness  of  250  feet  which  I  have  as- 
signed to  the  subdivision  represents 
approximately  the  average  thickness 

in  Bass  Canyon ±250 

[Note. — The  foregoing  section  of  the 
Tapeats  sandstone  was  measured  west 
of  the  mouth  of  Bass  Canyon,  at  the 
point  where  a  trail  lea^ding  from  Bed- 
rock Tank  to  Copper  Canyon  ascends 
a  break  in  the  clifif  formed  by  the 
sandstone,  at  locality  9,  figure  2.] 


Total    thickness    of    Paleozoic 
beds ±4014 

THE  PALEOZOIC  ROCKS. 

CAMBRIAN  SYSTEM. 

TOXTO   GROUP. 
OENERAL  7SATI7BES. 

In  the  region  about  Bass  Canyon  the  Tonto 
group  is  a  series  of  conformable  strata  about 
1,200  feet  thick  which  lies  at  the  base  of  the 
Paleozoic  and  is  separated  from  underlying 
pre-Cambrian  rocks  and  from  overlying  De- 
vonian and  Carboniferous  rocks  by  unconformi- 
ties of  erosion.  In  lithology  the  group  as  a 
whole  exhibits  a  passage  upward  from  sand- 
stone to  limestone,  roughly  in  three  stages. 
The  strata  at  the  base  of  the  group  are  sand- 
stones; those  in  the  middle  portion  are  chiefly 
fine-grained  sandstones  and  sandy  shales; 
and  those  in  the  upper  portion  are  more  or  less 
sandy  calcareous  rocks  which  pass  at  the  top 
into  magnesian  limestone.  These  three  litho- 
logic  stages  afford  a  natural  basis  for  dividing 
the  group  into  formations.  Accordingly,  in  a 
former  report  describing  the  region  about  Bass 
Canyon  ^  I  proposed  a  threefold  division  of  the 
Tonto  group  and  used  the  names  Tapeats  sand- 
stone, Bright  Angel  shale,  and  Muav  limestone 
to  designate  the  formations.  The  name  Ta- 
peats sands  ton  3  is  applied  to  the  sandstone  at 
the  base  of  the  group,  the  name  Bright  Angel 
shale  to  the  sandstone  and  shale  of  the  middle 
portion,  and  the  name  Muav  limestone  to  the 

» Noble,  L.  F.,  The  Shinumo  quidrangle,  Grand  Canyon  district, 
Arir.:  U.  8.  Geol.  Survey  Bull.  M9,  p.  61, 1914. 


more  or  less  calcareous  strata  that  constitute 
the  upper  portion.  Walcott  had  previously 
adopted  a  similar  threefold  division  of  the 
Tonto.  He  states,^  ''I  find  among  my  notes 
made  after  the  trip  to  the  Grand  Canyon  in 
1901  *  *  *  that  I  had  given  names  to  the 
three  divisions  of  the  Tonto  along  the  same 
lines  that  you  have,  so  I  can  readily  agree  with 
your  present  subdivisions  and  nomenclature." 

At  Bass  Canyon  the  three  formations  are  dis- 
tinct in  lithology  and  in  topographic  expression, 
but  farther  southeast,  in  the  region  between  the 
Hermit  and  Grand  View  trails,  where  most 
visitors  see  the  Grand  Canyon,  the  boundary 
between  the  Muav  limestone  and  the  Bright 
Angel  shale  is  indefinite,  and  the  two  forma- 
tions do  not  appear  at  first  sight  to  diflFer  con- 
spicuously, whereas  the  Tapeats  sandstone  and 
the  Bright  Angel  shale  preserve  their  distinc- 
tive characters  and  can  be  distinguished  readily. 
Some  uncertainty  has  therefore  existed  as  to 
the  limits  of  the  Muav  limestone  in  the  more 
frequented  part  of  the  Grand  Canyon,  and  the 
propriety  of  a  threefold  division  of  the  Tonto 
has  been  questioned. 

To  determine  whether  the  Muav  limestone 
as  defined  at  Bass  Canyon  is  actually  traceable 
into  the  region  between  the  Hermit  and  Grand 
View  trails,  I  have  measured  six  sections  of  the 
Tonto  group  at  different  points  in  the  south 
wall  of  the  Grand  Canyon.  These  sections, 
spaced  from  3  to  8  miles  apart,  carry  the  lithol- 
ogy of  the  Tonto  through  a  distance  of  about 
28  miles  southeastward — from  Garnet  Canyon, 
3  miles  west  of  Bass  Canyon,  to  Cottonwood 
Creek,  in  the  Grand  View  region — and,  in  con- 
nection with  a  section  measured  by  Walcott 
at  Nunkoweap  Valley,  15  miles  north  of  Cotton- 
wood Creek,  carry  it  practically  through  the 
Kaibab  division  of  the  Grand  Canyon.  These 
seven  sections  are  shown  on  Plate  XX.  In 
addition  to  recording  the  Tonto  lithology  I 
have  represented  the  unconformity  at  the  sum- 
mit of  the  Tonto  by  indicating  diagrammat- 
ically  the  amount  of  relief  which  the  eroded 
surface  exhibits  at  each  locality,  and,  where  the 
beds  that  lie  between  the  unconformity  and  the 
Redwall  cliff  were  accessible,  I  have  recorded 
their  character  and  succession.  Owing  to  lack 
of  space  in  the  drawing  I  have  presented  only 
a  brief  description  of  the  lithology  of  each  sec- 
tion.    The  Bass  Canyon  section  is  given  in 

*  Walcott,  C.  D.,  personal  communication. 
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detail  in  the  present  report  (see  pp.  26-36), 
but  an  account  of  the  detailed  lithology  of  the 
other  sections  is  beyond  the  scope  of  this 
paper  and  will  be  reserved  for  another  report. 
In  all  six  sections  the  Bright  Angel  shale  and 
Muav  limestone  were  measured  by  hand  level 
and  the  Tapeats  sandstone  was  measured  by 
aneroid  barometer  except  at  Bass  Canyon, 
where  the  level  was  used.  The  sections  at 
Garnet  Canyon,  Bass  Canyon,  Slate  Creek,  and 
Hermit  Creek  are  believed  to  be  more  accurate 
than  those  at  Pipe  and  Cottonwood  creeks  be- 
cause they  were  checked  over  in  detail  during 
a  subsequent  field  trip,  whereas  the  sections  at 
Pipe  and  Cottonwood  creeks  were  not  reviewed. 

These  sections  show  that  the  Muav  limestone 
as  defined  at  Bass  Canyon  is  represented  by 
equivalent  beds  throughout  the  Kaibab  divis- 
ion, and  that  the  principal  subdivisions  of  the 
Bass  Canyon  section  preserve  enough  of  their 
original  character  to  be  recognizable  in  the 
other  localities,  although  large  parts  of  the 
formation  become  sandy  southeast  of  Bass 
Canyon,  the  proportion  of  sandstone  to  lime- 
stone increasing  southeastward.  The  appear- 
ance of  sandy  material  in  the  lower  part  of  the 
Muav  southeast  of  Bass  Canyon  makes  it  in- 
creasingly difficult  to  define  exactly  the  boun- 
dary between  the  Bright  Angel  shale  and  the 
Muav  limestone  in  that  direction,  as  will  be 
shown. 

When  I  proposed  the  name  Muav  limestone 
I  used  tlie  term  'limestone"  because  in  the 
type  locality,  near  Bass  Canyon,  the  formation 
as  a  whole  contains  more  limestone  than  sand- 
stone and  shale.  Inasmuch  as  the  formation 
becomes  increasingly  sandy  southeast  of  Bass 
Canyon  it  may  be  advisable  eventually  to 
change  the  name  to  Muav  formation,  but  it 
seems  best  to  retain  the  name  Muav  limestone 
for  the  present,  until  the  formation  has  been 
studied  over  a  wider  area  than  that  covered  in 
this  report. 

TAPEATS  SANDSTONE. 

Character. — The  Tapeats  sandstone  is  essen- 
tially a  medium  to  rather  coarse  sandstone, 
grading  here  and  there  into  a  pebbly  grit  and 
including  beds  of  conglomerate  and  shale. 
The  prevailing  color  is  chocolate-brown,  al- 
though many  beds  are  buff  or  greenish  buff  and 


some  beds  are  pale  greenish  white.  The  con- 
glomerate forms  lenticular  beds  that  may  occur 
at  any  horizon  in  the  formation  but  are  more 
abundant  near  the  base,  where  as  a  rule  the 
conglomerate  is  arkosic  and  consists  of  poorly 
assorted  fragments  of  underljdng  rocks.  Some 
of  the  conglomerate,  however,  is  well  assorted 
and  consists  of  rounded  pebbles  of  quartz. 
Most  of  the  shale  occurs  above  the  middle  of 
the  formation  in  thin  lenses  between  layers  of 
sandstone.  In  general  the  component  mate- 
rials of  the  formation  become  finer  and  better 
assorted  toward  the  top.  The  uppermost  beds 
at  Bass  Canyon  are  clean  white  or  greenish- 
white  cross-bedded  sandstone. 

Among  the  distinctive  features  of  the  forma- 
tion are  hardness,  which  causes  it  to  weather 
into  sheer  cliffs,  prevailing  chocolate  color, 
cross-bedding,  and  a  rather  coarse  horizontal 
banding  due  to  the  fact  that  the  beds  form 
elongated  horizontal  lenses  and  differ  in  textiu*e 
and  hardness.  Here  and  there  beds  of  shale 
alternate  with  beds  of  sandstone,  and  at  most 
places  the  sandstone  itself,  although  prevail- 
ingly hard,  exhibits  wide  differences  in  indura- 
tion. A  bed  of  sandstone  which  in  one  place 
is  cemented  into  compact  vitreous  quartzite 
may  be  poorly  consolidated  a  few  hundred  feet 
away.  Vertically  beds  of  hard  quartzitic  sand- 
stone succeed  beds  of  softer  sandstone  in  coimt- 
less  alternations.  Erosion  etches  the  bands  of 
softer  material  into  long  low  alcoves  overhung 
by  shelves  of  harder  rock.  These  shelves  and 
'alcoves  appiear  on  every  outcrop  of  the  Tapeats 
sandstone  and  are  particularly  conspicuous  in 
its  great  cUff,  which  is  furrowed  by  tier  upon 
tier  of  them.  (See  PI.  XXI,  A,)  One  who  is 
traveling  through  the  canyon  along  the  Tonto 
platform,  or  ** lower  plateau,"  soon  learns  to 
appreciate  the  shelter  which  these  ''Tonto 
shelves"  afford  and  usually  selects  them  for 
his  camp.  Indeed,  the  selection  is  almost  com- 
pulsory, for  in  most  tributary  canyons  water 
comes  to  the  surface  in  the  dry  watercom^es 
only  at  the  point  where  the  stream  channel 
crosses  the  summit  of  the  Tapeats  sandstone. 

Another  distinctive  feature  of  the  sandstone 
is  the  occurrence  in  many  beds  of  numerous 
small  yellow  rounded  quartz  pebbles,  the  larg- 
est of  which  are  the  size  of  peas.  Worm  mark- 
ings are  common  in  the  white  sandstone  at  the 


38 


SHORTER  CONTRIBUTIOKS  TO  GENERAL  GEOLOGY,  1922. 


top  of  the  Tapeats  and  occur  here  and  there  in 
the  underlying  chocolate-colored  beds.  I  have 
observed  ripple  marks  at  a  few  places  in  the 
formation  and  sim  cracks  at  one  place.  Glau- 
conite  occm^  sparingly  in  scattered  grains  in 
some  beds. 

In  many  places  in  the  Kaibab  division  the 
Tapeats  cUif  is  incrusted  with  salt.  Commonly 
the  deposits  are  less  than  an  inch  thick,  but 
some  of  them  may  cover  hundreds  of  square 
feet.  A  sample  from  one  of  these  salt  deposits 
in  Garnet  Canyon  was  tested  in  the  laboratory 
of  the  Survey  and  is  reported  to  consist  essen- 
tially of  sodium  chloride.  A  spring  that  issues 
from  the  contact  between  the  Tapeats  sand- 
stone and  the  underlying  crystalline  rocks  at 
a  point  about  half  a  mile  west  of  Garnet  Canyon 
yields  a  heavy  brine.  Other  brine  springs 
issue  from  this  contact  at  several  places  in  the 
Kaibab  division.  The  water  of  the  intermit- 
tent stream  in  Garnet  Canyon  is  potable  above 
the  middle  of  the  Tapeats  sandstone,  but  below 
the  middle  of  the  sandstone  it  is  too  salty  to 
drink.  These  occiurences  indicate  that  the 
Tapeats  sandstone  contains  salt,  although  no 
beds  of  salt  have  been  foimd  within  the  sand- 
stone. Perhaps  a  small  amount  of  salt  is 
widely  distributed  in  the  sandstone  but  has 
escaped  observation  because  it  is  not  concen- 
trated in  beds.  Inasmuch  as  the  Tapeats  is  a 
marine  deposit  the  salt  is  probably  an  original 
constituent  of  the  sandstone. 

The  Tapeats  sandstone  exhibits  little  varia- 
tion from  place  to  place  in  lithology  or  in  gen- 
eral appearance  and  is  readily  identifiable  in 
all  parts  of  the  Kaibab  division. 

Straligraphic  relations. — Both  base  and  sum- 
mit are  well  defined,  the  base  by  a  great 
angular  xmconformity  that  truncates  under- 
lying pre-Cambrian  rocks  and  the  smnmit  by 
a  rather  abrupt  change  from  coarsely  banded 
white  cross-bedded  sandstone  at  the  top  of 
the  Tapeats  to  thinly  laminated  even-bedded 
sandstone  and  sandy  shale  at  the  base  of  the 
overlying  Bright  Angel  shale. 

Svbdivisions. — ^At  Bass  Canyon  the  forma- 
tion is  rudely  divisible  into  three  parts.  (See 
PL  XX.)  Subdivision  A,  at  the  top  of  the 
formation,  consists  of  white  cross-bedded 
sandstone  which  includes  a  few  layers  of 
greenish  shale.  Subdivision  B,  beneath  A, 
consists   of  evenly   bedded   chocolate-colored 


sandstone  with  partings  of  shale.  Subdivi- 
sion C,  -at  the  base,  consists  of  chocolate- 
colored  cross-bedded  sandstone  and  constitutes 
by  far  the  greater  part  of  the  formation.  As 
the  Tapeats  sandstone  is  traced  southeastward 
from  Bass  Canyon,  subdivision  A  decreases 
in  thickness  and  becomes  more  and  more 
like  C  in  lithologic  character  imtil  it  is  practi- 
cally indistinguishable  from  C,  so  that  in  the 
three  easternmost  sections  shown  on  Plate 
XX  the  formation  is  divisible  into  only  two 
parts  and  consists  essentially  of  chocolate- 
colored  cross-bedded  sandstone  capped  by 
white  cross-bedded  sandstone.  Where  hilk 
of  pre-Cambrian  rock  project  into  the  Tapeats 
sandstone,  beds  of  coarse  conglomerate  may 
appear  at  any  horizon  in  the  sandstone  where 
it  rests  against  their  steeper  slopes,  but  these 
conglomerates  are  local  in  extent  and  do  not 
persist  many  himdreds  of  feet. 

Thickness. — ^The  Tapeats  sandstone  varies 
irregularly  in  thickness  from  place  to  place, 
but  the  variations  have  no  ultimate  strati- 
graphic  significance  because  the  sandstone 
was  deposited  upon  a  surface  which,  although 
remarkably  even  when  considered  in  relation 
to  its  vast  horizontal  extent,  is  uneven  in  de- 
tail, exhibiting  at  some  places  a  relief  of  600 
feet.  Thus  at  the  point  where  the  section  at 
Bass  Canyon  was  measured  the  sandstone 
attains  a  thickness  of  328  feet,  whereas  the 
average  thickness  in  Bass  Canyon  does  not 
exceed  250  feet;  and  a  mile  away,  on  the  north 
side  of  Colorado  River,  where  a. hill  of  hard 
pre-Cambrian  strata  rises  several  hundred 
feet  above  the  general  level  of  the  pre-Cambrian 
surface,  the  sandstone  was  not  deposited.  The 
thickness  assigned  to  the  sandstone  at  Bass 
Canyon  is  exceptional.  Perhaps  200  feet 
would  be  a  fair  estimate  of  the  average  maxi- 
mum thickness  in  the  Kaibab  division. 

Fossils. — No  fossils  have  been  found  in  the 
Tapeats  sandstone  except  near  the  top.  Schu- 
chert*  has  noted  fragments  of  an  oboUd  shell  in 
the  white  cross-bedded  sandstone  at  the  top  of 
the  formation  near  Hermit  Creek.  Walcott  *® 
reports  the  following  fauna  ''in  the  Tapeats 
sandstone  about  300  feet  above  its  base  at  the 
head  of  Nunkoweap  Valley'': 

•  Schuchert,  Charles,  The  Cambrian  of  the  Grand  Canyon  of  Arizona: 
Am.  Jour.  Sci.,  4th  ser.,  toL  45,  p.  365, 1918. 

1^  Walcott,  C.  D.,  Cambrian  geology  and  paleontology:  SmithsonJaii 
Misc.  Coll.,  yol.  64,  No.  5,  pp.  373,  374,  1916. 
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Dolichometopus  tontoensia. 
Micromitra  pealei. 
Micromitra  (Paterina)  crenistria. 
Micromitra  (Paterina)  Buperba. 
Micromitra  (Iphidella)  pamiula. 
Obolus  zetiis. 

Obelus  (Westonia)  chuarenfiLs. 
Obolus  (Westonia)  englyphus. 
Lingulella  lineolata. 
Lingulella  perattenuata. 
Billingsella  obscura. 
Alokistocare  althea. 

According  to  Walcott  the  thickness  of  the 
Tapeats  sandstone  at  Nunkoweap  Valley  is  300 
feet  (see  PL  XX) ,  so  that  the  beds  from  which 
he  obtained  this  fauna  must  lie  at  the  very  top 
of  the  formation.  The  age  of  the  fauna  is 
stated  to  be  Middle  Cambrian.  Practically  all 
the  forms  listed  occur  also  in  the  Bright  Angel 
shale. 

The  age  of  the  summit  beds  of  the  Tapeats 
sandstone  is  .therefore  Middle  Cambrian.  In- 
asmuch as  the  formation  appears  to  have  been 
deposited  continuously,  as  is  indicated  by  its 
homogeneous  character,  and  to  have  accumu- 
lated rapidly,  as  is  indicated  by  its  relatively 
coarse  cross-bedded  structure,  it  is  not  likely 
that  any  part  of  it  is  older  than  Middle  Cam- 
brian. 

BBZOHT  ANGEL  SEAZiB. 

CJuirticier. — ^The  chief  constituent  of  the 
Bright  Angel  shale  is  fine-grained  quartzose  mi- 
caceous sand,  which  forms  innumerable  platy 
beds  mostly  less  than  a  quarter  of  an  inch  thick. 
Many  beds  of  sandstone  are  separated  by  part- 
ings of  micaceous  sandy  shale,  and  at  some 
horizons  the  sandstone  and  shale  are  associated 
with  dolomitic  limestone  or  with  cross-bedded 
glauconitic  sandstone. 

The  distinctive  features  of  the  formation  are 
thin,  platy  lamination,  a  prevailingly  dull 
greenish-buflP  color,  the  occurrence  of  glauconite 
in  many  beds,  and  the  abundance  of  worm- 
markings  and  fucoidal  casts.  Many  beds  are 
ripple-marked.  Shells  of  obolid  or  linguloid 
brachiopods  are  abundant  at  many  horizons, 
and  most  of  the  shells  are  broken  and  worn, 
showing  marks  of  grinding  and  attrition.  The 
ripple  marks  indicate  that  the  strata  were  de- 
posited in  shallow  water,  and  the  broken  shells 
indicate  that  the  deposits  were  subjected  to 
repeated  poimding  by  waves. 

The  formation  as  a  whole  is  the  least  resist- 
ant to  erosion  of  all  the  formations  in  the  can- 


yon wall.  It  makes  a  more  or  less  continuous 
slope,  which  at  most  places  has  retreated  far 
back  from  the  summit  of  the  Tapeats  cliff, 
leaving  the  so-called  '4ower  plateau,"  or  Tonto 
platform.  It  owes  its  weakness  to  the  alterna- 
tions of  shale  and  sandstone  and  to  the  thin 
platy  lamination  of  the  beds.  Actually  most 
of  the  platy  sandstone  is  well  indurated,  and 
some  of  it  is  as  compact  as  quartzite. 

Glauconite  is  decidedly  more  abundant  in 
the  Bright  Angel  shale  than  in  the  other  two 
formations  of  the  Tonto  group.  It  occurs 
rather  sparingly  in  most  beds  in  tiny  grains 
scattered  through  the  rock  but  is  widely  dis- 
tributed in  the  formation,  both  vertically  and 
horizontally.  Apparently  no  beds  consist  en- 
tirely of  glauconite,  but  an  exan^nation  of  the 
formation  anjrwhere  in  the  Kaibab  division  of 
the  Grand  Canyon  will  disclose  a  few  beds  sev- 
eral inches  thick  in  which  nearly  half  of  the 
rock  is  glauconite  and  many  beds  in  which  the 
grains  are  sufficiently  abundant  to  impart  a 
greenish  tinge  to  the  rock.  The  mineral  is  not 
confined  to  the  prevailing  platy  sandstone  and 
shale  but  occurs  in  the  dolomite,  intraforma- 
tional  conglomerate,  and  cross-bedded  sand- 
stone described  below.  An  interesting  feature 
of  its  occurrence  is  its  association  with  deposits 
that  were  obviously  laid  down  in  shallow  water. 

Interbedded  with  the  platy  sandstone  and 
shale  are  two  types  of  rock  which,  although 
they  form  only  a  subordinate  part  of  the  Bright 
Angel  shale,  are  particularly  characteristic  of 
the  formation. 

One  of  these  rocks  is  a  compact  crystalline 
limestone  whose  color  is  deep  snuff-brown  on 
weathered  surfaces  and  pale  tan  on  freshly 
broken  surfaces.  Beds  of  this  limestone  are 
very  resistant  to  erosion  and  make  cliffs.  In 
the  region  about  Bass  Canyon  two  beds  verti- 
cally 35  feet  apart  appear  in  the  Bright  Angel 
shale  at  a  horizon  about  125  feet  above  its 
base  and  make  two  conspicuous  brown  cliffs 
in  the  slope  above  the  Tonto  platform.  Each 
cliff  is  about  12  feet  high.  The  beds  of  snuff- 
brown  limestone,  which  determine  the  cliffs, 
range  in  thickness  from  a  few  inches  to  8  feet 
and  are  associated  with  beds  of  green,  magenta, 
and  brown  cross-bedded  sandstone.  The  cliffs 
are  sharply  defined  and  are  wonderfully  per- 
sistent. (See  PL  XXI,  B.)  Wherever  possible 
the  Tonto  trail  in  this  part  of  the  canyon  follows 
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the  narrow  ledge  at  the  top  of  one  or  the  other  of 
these  cUffSy  because  the  ledges  afford  much 
smoother  going  than  the  dissected  and  debris- 
covered  slopes  of  the  Tonto  platform  below. 
Other  beds  of  snuff-brown  limestone  appear  in 
the  Bright  Angel  shale  between  the  twin  cliffs 
just  described  and  the  base  of  the  Muav  lime- 
stone, but  at  Bass  Canyon  they  are  thin  and  do 
not  make  conspicuous  cliffs.  Most  of  them  are 
associated  with  beds  of  greenish  and  magenta 
cross-bedded   sandstone. 

The  snuff-brown  limestone  effervesces  weakly 
with  acid.  Some  beds  contain  no  visible  im- 
purities, but  others  contain  scattered  grains  of 
glauconite  and  tiny  rounded  grains  of  quartz 
and  exhibit  cross-bedding.  Many  beds  contain 
broken  shells  of  brachiopods.  In  places  the 
limestone  passes  laterally  into  an  intrafor- 
mational  conglomerate  composed  chiefly  of 
rounded,  flattened  fragments  of  limestone  but 
containing  glauconite,  quartz  sand,  and  broken 
shells. 

The  following  analysis  of  a  specimen  of  the 
snuff-brown  limestone  forming  the  lower  of  the 
twin  cliffs  at  Bass  Canyon  (see  p.  35)  probably 
represents  approximately  the  composition  of 
the  purer  limestone.  The  bed  from  which  the 
specimen  was  taken  contains  no  visible  glau- 
conite or  quartz  and  appears  to  consist  entirely 
of  coarsely  crystalline  limestone. 

Partial  chemical  analysis  of  snuff-colored  limestone  from 

Bright  Angel  shale. 

[Alfred  A.  Chambers,  analyst.] 

Insoluble 2.66 

(Al,  Fe)208 5.44 

CaO 29.54 

MgO 18.26 

From  this  analysis  it  appears  that  the  rock 
is  an  impure  dolomite.  The  presence  of  quartz 
grains  in  beds  closely  associated  with  the  one 
analyzed  suggests  that  the  insoluble  impuri- 
ties are  largely  quartz  sand,  and  the  fact  that 
the  rock  weathers  brown  suggests  that  the 
other  impurities  are  largely  iron.  Inasmuch  as 
the  snuff-colored  limestones  effervesce  weakly 
with  acid  and  differ  from  one  another  chiefly 
in  the  amount  of  impurities  that  they  contain 
I  have  called  them  all  dolomites  in  this  report. 

Another  characteristic  rock  in  the  Bright 
^Vngel  shale  is  dark-green  or  magenta  cross- 
bedded  sandstone.  Most  of  this  sandstone 
forms   rather  massive   beds,   which   range  in 


thickness  from  a  few  inches  to  several  feet. 
The  component  grains  are  rather  coarse  and 
in  most  beds  are  loosely  cemented,  so  that  the 
rock  crumbles  easily.  Some  beds,  however, 
form  weak  cliffs.  The  chief  constituent  of  the 
sandstone  is  quartz,  but  many  beds  contain 
glauconite  and  many  contain  a  large  amount 
of  ferritic  sandy  mud  and  more  or  less  hema- 
tite. Broken  shells  of  brachiopods  are  abim- 
dant  in  some  beds.  These  green  and  magenta 
sandstones  are  readily  distinguishable  from  the 
prevailing  platy  sandstone  by  their  deep  colors, 
cross-bedding,  absence  of  thin  lamination,  and 
relatively  coarse  texture.  The  colors  of  some 
beds  are  very  striking,  green  shading  into  deep 
bottle-green  and  magenta  into  deep  purphsh 
brown.  In  places  these  colors  are  mingled  in 
blotches  in  the  same  bed,  producing  a  curious 
mottled  effect.  The  greenish  beds  owe  their 
color  largely  to  glauconite,  and  the  magenta 
beds  owe  theirs  to  ferritic  material.  Some  beds 
associated  with  snuff-colored  dolomite  weather 
brown. 

At  Bass  Canyon  the  thickness  of  the  Bright 
Angel  shale  is  391  feet  and  I  have  divided  it  in- 
to two  members — subdivision  A,  at  the  top,  58 
feet  thick,  and  subdivision  B,  below,  333  feet 
thick.  Both  subdivisions  consist  essentially 
of  thin-bedded  greenish  and  buff  micaceous 
shale  and  sandstone,  with  which  snuff-brown 
dolomite  and  greenish  and  magenta  sandstone 
of  the  types  just  described  are  interbedded  at 
irregular  intervals.  The  character  and  suc- 
cession of  the  beds  are  recorded  in  the  columnar 
section  (pp.  34-35).  In  general  composition 
subdivision  A  differs  from  B  only  in  that  it  con- 
tains, near  the  base,  a  few  beds  of  mottled 
limestone  similar  to  those  which  constitute 
subdivision  D  of  the  overlying  Muav  limestone. 
In  a  former  report*^  I  included  subdivision  A 
in  the  Muav  limestone,  placing  the  base  of  the 
Muav  at  the  lowest  point  where  mottled  lime- 
stone appears  in  the  Tonto  group,  but  in  the 
present  report  I  have  included  subdivision  A 
in  the  Bright  Angel  shale,  which  as  here  de- 
fined includes  all  strata  between  the  white 
cross-bedded  sandstone  at  the  top  of  the  Ta- 
peats  and  the  cliff-making  gray  and  buff  mot- 
tled limestone  that  constitutes  subdivision  D 
of  the  Muav.  This  definition  is  in  acoord  with 
Walcott's  observations  at  Kanab  Creek.   Wal- 


i»  Noble,  L.  F,,  op.  cit.,  p.  65. 


PROFEH8IONAL    PAPER    I 


mloDB;  b,   Urigbt  Ancei  shsis;  C 


.  TYPICAL  EXPOSURE  OF  BBlr.HT  ANGEL  SHALE.  MCAV  LIMESTONE.  TEMPLE  BUTTE  LIMI-^ 
STONE.  BEDWALL  LIMESTONE.  AND  SUPAl  FORMATION  (N  NORTH  WALL  OF  fiRAND  CANYON 
OPPOSITE  fiAHNET  CANYON.  SHINUMO   QUADRANGLE.  ARIZ. 

,  a.  c.  Sapai  rormaliun.  BUbdi' 

;,  Bright  Adgdohals;  A, 


PALEOZOIC  FORMATIONS  OF  THE  GBAND  CANYON. 


41 


cott's  section  at  Kanab  Creek  (see  PL  XX) 
shows  100  feet  of  greenish  micaceous  shale  and 
sandstone  (d)  beneath  beds  of  mottled  lime- 
stone (c)  that  are  evidently  equivalent  to  sub- 
division D  of  the  Muav  limestone  of  my  Bass 
Canyon  section.  He  states  "  that  a  mile  or  two 
east  of  Kanab  Creek,  where  more  of  the  green- 
ish micaceous  shale  and  sandstone  (d)  is  ex- 
posed, the  shale  and  sandstone  pass  downward 
into  mottled  gray  limestone,  calcareous  and 
micaceous  shale,  and  dark  indurated  sand* 
stone.  Probably  this  mottled  gray  limestone 
is  equivalent  to  the  mottled  limestone  that 
appears  in  thin  beds  at  the  base  of  subdivision 
A  of  the  Bright  Angel  shale  in  my  Bass  Canyon 
section,  so  that  subdivision  d  of  Walcott^s  sec- 
tion at  Kanab  Creek  is  roughly  equivalent  to 
my  subdivision  A  at  Bass  Canyon.  Walcott 
states  *':  ''I  find  on  my  locality  label  75  that 
the  thin-bedded  sandstone  and  shale  (d)  at 
Kanab  Creek  is  placed  in  the  Bright  Angel 
shale  and  the  overlying  mottled  limestone  (c) 
in  the  Muav  limestone.'' 

The  columnar  sections  of  the  Tonto  group 
shown  on  Plate  XX  trace  the  lithology  of  the 
Bright  Angel  shale  through  the  greater  part  of 
the  Kaibab  division.  They  show  that  although 
the  formation  exhibits  little  change  in  general 
composition  from  place  to  place  the  interbedded 
layers  of  green  and  magenta  sandstone  and 
snuflf-colored  dolomite  increase  in  number  and 
become  thinner  and  more  widely  distributed 
through  the  prevailing  platy  sandstone  and 
shale  toward  the  southeast.  This  change  is 
shown  clearly  in  the  profiles  of  the  different 
sections.  Thus,  at  Garnet  and  Bass  canyons 
the  formation  contains  only  two  prominent 
sets  of  beds  of  green  and  magenta  sandstone 
and  snuff-brown  dolomite,  so  that  only  two 
cliffs  break  the  long  slope  formed  by  the  platy 
beds.  But  southeast  of  Bass  Canyon,  at  Slate, 
Hermit,  and  Pipe  creeks,  two  other  sets  of  beds 
of  sandstone  and  dolomite  have  appeared  above 
the  lower  pair,  so  that  the  slope  is  broken  by 
four  cUffs  instead  of  two.  These  four  cliffs  are 
strongly  defined  at  Slate  Creek,  fairly  well 
defined  at  Hermit  Creek,  and  poorly  defined  at 
Pipe  Creek  because  the  beds  become  thinner 
toward  the  southeast.  Southeast  of  Pipe 
Creek,  at  Cottonwood  Creek,  these  beds  are  so 
widely  distributed  in  the  platy  sandstone  and 

u  Walcott,  C.  D.,  unpublished  notes. 
^  Personal  communication. 


shale  and  are  all  so  thin  that  no  bed  or  set  of 
beds  makes  a  prominent  cliff.  Here  the  whole 
formation  presents  a  continuous  slope.  Three 
miles  east  of  Cottonwood  Creek,  at  ''Congress 
Canyon''  (Red  Canyon),  that  part  of  Freeh's 
section  of  the  Tonto  group  "  which  represents 
the  Bright  Angel  shale  is  similar  in  lithology 
to  my  section  of  the  Bright  Angel  shale  at 
Cottonwood  Creek. 

Southeast  of  Bass  Canyon  beds  of  green  and 
magenta  sandstone  are  more  abundant  in  the 
Bright  Angel  shale  than  beds  of  snuff-colored 
dolomite.  .  In  the  region  between  Slate  and 
Pipe  creeks  these  sandstones  have  attracted 
attention  as  a  possible  source  of  platinum  and 
at  one  time  were  extensively  prospected.  No 
samples  of  the  rock  examined  by  the  Survey 
have  yielded  platinum,  but  some  of  the  rock 
when  crushed  and  panned  yields  a  small 
amount  of  magnetite.  At  Slate  Creek  some  of 
these  sandstones,  near  the  base  of  the  Bright 
Angel  shale,  contain  considerable  hematite  and 
form  thin  beds  that  are  conspicuous  by  their 
bright-red  color.  Between  Bass  Canyon  and 
Garnet  Canyon  some  ferritic  beds  at  this 
horizon  exhibit  ooHtic  structure.     (See  p.  35.) 

Probably  the  beds  of  snuff-brown  dolomite 
and  sandstone  that  make  the  twin  cliffs  at  Bass 
and  Garnet  canyons  are  traceable  far  west  of 
the  area  covered  by  the  present  report,  because 
a  section  of  the  Bright  Angel  shale  at  the 
mouth  of  the  Grand  Canyon  **  shows  a  double 
cliff  of  snuff-colored  sandstone  that  is  said  to 
be  continuous  throughout  the  Shivwits  divi- 
sion, Gilbert  having  traced  it  from  the  Grand 
Wash  to  Diamond  Creek. 

Southeastward  from  Bass  Canyon  the  thin 
beds  of  mottled  limestone  at  the  base  of  sub- 
division A  gradually  give  way  to  calcareous 
sandy  shale  and  finally  disappear  southeast  of 
Hermit  Creek. 

Few  hills  of  pre-Cambrian  rock  rise  far  into 
the  Bright  Angel  shale,  but  one  hill  on  the  north 
side  of  Colorado  River  about  3  miles  east  of 
Bass  Canyon  rises  nearly  to  the  top  of  sub- 
division B.  So  far  as  known,  this  is  the 
highest  hill  of  pre-Cambrian  rook  in  the  Grand 
Canyon. 

Thickness. — ^The  thickness  of  the  Bright 
Angel  shale  decreases  gradually  from  northwest 

14  Freeh,  F.,  Cong.  g^l.  intemat.,  5"  aess.,  Compte  rendu,  p.  479. 
u  U.  S.  Geog.  and  Oeol.  Surveys  W.  100th  Mer.  Rept.,  vol.  3,  p.  199, 
figs.  86,  87,  .1875. 
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to  southeast.  Thus  the  formation  is  402  feet 
thick  at  Garnet  Canyon,  391  feet  at  Bass  Can- 
yon, 392  feet  at  Slate  Creek,  344  feet  at  Hermit 
Creek,  325  feet  at  Pipe  Creek,  and  334  feet 
(estimated)  at  Cottonwood  Creek.  At  Nun- 
koweap  Valley,  15  miles  north  of  Cottonwood 
Creek,  it  is  325  iFeet  thick.  The  beds  equivalent 
to  subdivision  A  of  the  Bass  Canyon  section 
decrease  from  60  feet  at  Garnet  Canyon  to  42 
feet  at  Pipe  Creek,  and  the  beds  equivalent  to 
subdivision  B  decrease  from  342  feet  at  Garnet 
Canyon  to  283  feet  at  Pipe  Creek.  At  Cotton- 
wood Creek  the  two  subdivisions  can  not  be 
separated  with  certainty. 

Fossils. — ^Fossils  are  abxmdant  at  several 
horizons  in  subdivision  B  of  the  Bright  Angel 
shale .  The  following  species  listed  in  my  report 
on  the  geology  of  the  Shinumo  quadrangle** 
were  collected  by  Walcott  or  by  me  at  several 
horizons  in  subdivision  B  in  the  region  about 
Bass  Canyon  and  Shinumo  Creek: 

lingulepis  spatulus. 
lingulella  acutangula. 
lingulella  lineolata. 
lingulella  perattenuata. 
Obolus  (Westonia)  themiB. 
Indiana  ftiba. 

At  25  feet  above  the  base  of  subdivision  B  in 
Serpentine  Canyon  I  have  collected  and  Edwin 
Kirk  has  identified  Micromitra  (Paterina) 
superba  and  Lingulella  lineolata,  and  at  165  feet 
above  the  base  of  subdivision  B  near  Hermit 
Creek  Oholus  ( Westonia)  chuarensis  and  Micros 
mitra  (IphideUa)  pannvla. 

At  100  to  120  feet  above  the  base  of  subdivi- 
sion B  near  the  Bright  Angel  (Cameron)  trail 
Walcott  *'  has  collected  the  following  species: 

Obolus  (Westonia)  chuarensis. 
Eocystites?  undet.  sp. 
Hyolithes. 
Alokistocare  althea. 
Dolichometopus  productus. 
Dolichometopus  tontoensis. 

The  age  of  this  fauna  is  stated  by  Walcott 
to  be  Middle  Cambrian. 

In  1915  Schuchert  studied  the  Bright  Angel 
shale  at  Hermit  Creek  and  collected  fossils  at 
several  horizons.    He  states  " : 

When  the  sandy  muds  were  forming,  seaweeds  {Palae- 
ophycus)  were  common,  along  with  a  great  abundance  of 
burrowing   annelids.    Trailings   and   fucoidal   casts  are 

i«  Noble,  L.  ¥.,  op.  dt.,  p.  64. 

17  Walcott,  C.  D.,  Cambrian  geology  and  paleontology:  Smithsonian 
Misc.  Coll.,  vol.  64,  No.  6,  p.  374, 1916. 
^'  Schuchert.  Charles,  op.  cit.,  p.  367. 


nearly  alwa3rB  to  be  seen,  and  also  the  vertical  bimowings 
of  worms  like  ArenieolUei,  *  *  *  In  spite  of  the  fact 
that  almost  no  good  fossils  are  to  be  had  in  the  Bright 
Angel  formation,  yet  the  physical  phenomena  show  that 
the  epeiric  sea  of  this  time  must  have  been  rich  in  life. 
This  is  proved  by  the  abundance  of  fucoidal  casts,  trailings, 
and  annelid  bunows.  Further,  in  some  of  the  sandstones 
obolid  fragments  teem,  and  at  times  their  shells  make  up 
one-third  of  a  stratum.  When  the  obolid  shells  are  preva- 
lent, glauconite  is  also  common,  and  the  formation  of  this 
mineral  is  probably  conditioned  by  the  decomposition 
of  the  organic  remains.  On  the  other  hand,  there  are 
entire  beds  of  glauconite  up  to  a  few  inches  thick  that  are 
almost  devoid  of  fossils.  When  glauconite  is  very  abun- 
dant, there  are  also  apt  to  be  thin  beds  and  even  zones  a 
few  feet  thick  of  low-grade  iron  ore. 

Palaeophycus  casts  are  very  common  and  well  preserved 
at  15  feet  above  the  Tapeats  sandstone,  and  150  feet 
higher  is  a  glauoonitic  sandstone  replete  with  the  bracluo- 
pods  Miercmitra  {Iphiddia)  pcmnuUi  (White)  and  OholuB 
{Westcnia)  chuarenns.  Ten  feet  higher  occur  abundantly 
in  thin-bedded  sandstones  Ohohis  zetua  and  rarely  Oholug 
( We$toma)  themis  and  LingtiUlla  acutangula. 

The  most  prominent  horizon  for  foasils,  consisting 
almost  entirely  of  obolids,  is  the  one  just  mentioned, 
which  occurs  from  150  to  170  feet  above  the  base  of  the 
Bright  Angel  formation  and  is  at  the  same  time  a  genend 
level  for  thin-bedded  sandstones. 

It  is  evident  that  the  age  of  at  least  the 
lower  170  feet  of  subdivision  B  of  the  Bright 
Angel  shale  is  Middle  Cambrian,  as  shown  by 
fossils.  I  have  found  no  determinable  fossils 
in  the  upper  part  of  the  subdivision  but  have 
noted  in  a  bed  near  the  top  small  fragments  of 
obohd  shells  similar  to  those  that  occur  in  the 
lower  170  feet.  I  have  found  no  fossils  in 
subdivision  A  at  Bass  CanyoU;  nor  in  beds 
that  occupy  the  equivalent  horizon  at  localities 
where  I  measured  the  other  Tonto  sections. 
But  inasmuch  as  subdivision  A  differs  in 
general  lithologic  character  from  subdivision 
B  only  in  that  it  contains  a  few  layers  of  mot- 
tled limestone,  which  gradually  disappear  east 
of  Bass  Canyon,  and  is  evidently  equivalent  to 
a  set  of  beds  at  Kanab  Creek  in  which  Walcott 
has  foimd  Middle  Cambrian  fossils  and  which 
he  includes  in  the  Bright  Angel  shale  (see  p.  41), 
I  believe  the  entire  Bright  Angel  shale  as  de- 
fined in  this  report  is  Middle  Cambrian. 

MT7AV  LDCESTOHS. 

Character. — At  Bass  Canyon  the  Muav  lime- 
stone consists  chiefly  of  impure  limestone  and 
calcareous  sandstone  but  includes  much  platy 
sandstone  and  shale  that  do  not  differ  from 
those  which  occur  throughout  the  Bright  Angel 
shale.  Platy  or  shaly  lamination  is  a  prominent 
I  feature  except  at  the  top  of  the  formation,  but 
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unlike  the  Bright  Angel  shale  the  Muav,  as  a 
whole,  is  fairly  resistant  to  erosion  and  makes 
cliffs  or  steep  slopes.  The  prevailing  rock  is  a 
peculiar  gray  and  buff  mottled  limestone,  which 
occurs  in  countless  beds  averaging  less  than  an 
inch  thick.  The  lower  two-thirds  of  the  forma- 
tion consists  largely  of  this  mottled  limestone 
and  partly  of  platy  sandstone  and  shale;  the 
upper  third  consists  of  calcareous  sandstone 
overlaux  by  massive  magnesian  limestone. 

Svbdivisians. — ^At  Bass  Canyon  four  subdi- 
visions with  persistent  features  can  be  differen- 
tiated, although  the  boundaries  between  them 
are  not  sharp.  The  massive  magnesian  lime- 
stone at  the  top  of  the  Muav  constitutes  sub- 
division A,  63  feet  thick,  and  forms  a  strong 
cliff.  The  underlying  calcareous  sandstone 
constitutes  subdivision  B,  72  feet.  This  sand- 
stone, massive  at  the  top  but  thin-bedded  at  the 
base,  makes  a  set  of  weak  cliffs  that  in  most 
places  unite  with  the  cliff  formed  by  the  over- 
lying limestone.  Beneath  subdivision  B  is  241 
feet  of  thin-bedded  mottled  limestone  contain- 
ing many  interbedded  layers  of  platy  sandstone 
and  shide.  These  alternating  beds  constitute 
subdivision  C  and  form  a  steep  slope.  Beneath 
them  is  a  cliff-making  bed  of  relatively  pure 
mottled  limestone  97  feet  thick,  which  consti- 
tutes subdivision  D,  at  the  base  of  the  Muav. 

In  appearance  the  mottled  limestone  of  the 
Muav  is  unlike  any  other  rock  in  the  Paleozoic 
section.  Characteristically  it  is  a  hard  thin- 
bedded  impure  limestone,  whose  outcrops  when 
seen  from  a  distance  resemble  outcrops  of  shale. 
The  beds  range  in  thickness  from  less  than  an 
eighth  of  an  inch  to  several  inches  but  com- 
monly do  not  exceed  half  an  inch.  The  purer 
limestone  is  gray,  but  most  of  the  rock  contains 
a  considerable  amount  of  buff  material  which 
was  originally  a  fine-grained  micaceous  sandy 
mud.  Some  of  this  material  forms  shaly  part- 
ings between  the  beds  of  limestone,  and  some 
of  it  is  mixed  with  the  limestone,  so  that  in  most 
beds  the  gray  and  buff  colors  are  mingled. 
Many  limestone  beds  are  intraformational  con- 
glomerates composed  of  small  flattened  rounded 
pebbles  of  mottled  limestone  embedded  in  a 
matrix  which  in  some  places  consists  of  crystal- 
line limestone  and  in  others  of  buff  calcareous 
material.  Nearly  every  bed  of  limestone  or 
conglomerate  exhibits  numerous  coralloid  or 
fucoidal  markings.  These  markings,  which 
Newberry  and  other  early  observers  ascribed  to 


branching  corals  but  which  Schuchert  and  Wal- 
cott  have  shown  to  be  largely  the  work  of 
worms,  are  one  of  the  distinctive  features  of  the 
mottled  limestone.     Schuchert  ^*  states: 

Where  the  calcareous  materials  become  more  dominant 
the  beds  are  completely  riddled  with  vertical  and  anas- 
tomosing worm  burrows.  These  are  usually  filled  with  a 
very  fine  sand,  and  it  is  this  feature  that  gives  so  much  of 
the  Muav  its  mottled  appearance  and  that  led  Gilbert 
many  years  ago  to  call  the  formation  in  the  western  part  of 
the  Grand  Canyon  the  * '  mottled  limestone . '  *  Throughout 
the  middle  third  of  the  Muav  many  of  the  shaly  limestones 
are  intraformational  conglomerates  with  the  pebbles  small, 
flat,  and  more  or  less  rounded  on  the  edges.  It  is  an 
interesting  shallow-water,  near-shore  marine  deposit. 
This  is  shown  in  the  great  abundance  of  annelid  burrows, 
in  the  intraformational  conglomerates,  and  in  the  variable 
nature  of  the  calcareous  deposits.  *  *  *  The  writer 
has  not  seen  a  Paleozoic  marine  deposit  more  bored  into 
and  consumed  by  mud  eaters  than  this  one,  and  these 
burrows  are  most  prevalent  in  the  calcareous  zones.  Worm 
castings  are  often  well  preserved  in  the  thin-bedded  shale 
zones  and  occur  as  little  confused  heaps  or  in  circular 
sausage-like  strings. 

Most  beds  of  the  mottled  limestone  effervesce 
freely  with  acid.  An  analysis  of  a  typical 
specimen  from  a  bed  that  exhibits  the  usual 
mixture  of  gray  limestone  and  buff  sandy  ma- 
terial is  given  below. 

Partial  chemical  arudyms  of  mottled  limestone  from  Muav 

lim^tone. 

[Albert  A.  Chambers,  analyst.] 

Insoluble 23. 46 

(Al,  Fe)203 2.64 

CaO 48.25 

MgO Trace. 

This  analysis  shows  that  the  limestone  is  not 
magnesian  and  indicates  that  the  sandy  im- 
purities constitute  about  a  quarter  of  the  rock. 

Subdivision  D,  at  the  base  of  the  Muav,  con- 
sists almost  wholly  of  the  thin-bedded  mottled 
limestone  just  described  and  contains  very 
httle  limestone  of  the  intraformational- 
conglomerate  type.  In  the  basal  10  feet  of  the 
subdivision  thin  layers  of  fine-grained  platy 
sandstone  are  interbedded  with  the  limestone. 
These  alternating  beds  define  the  lower  limit  of 
the  Muav  limestone,  and  their  separation  from 
the  underlying  greenish  shale  and  platy  sand- 
stone of  the  Bright  Angel  shale  is  distinct  at 
Bass  Canyon,  although  they  represent  a  transi- 
tion in  lithology  rather  than  an  abrupt  change. 
Owing  to  the  hardness  of  the  mottled  limestone 
subdivision  D  forms  a  strong  cliff,  a  feature 

»  Schuchert,  Charles,  op.  cit.,  pp.  368,  36ft 
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which  at  once  distinguishes  it  from  the  over- 
lying subdivision  C  and  from  the  underlying 
Bright  Angel  shale,  which  forms  slopes.  Just 
beneath  the  cliff  are  the  soft  underlying  green- 
ish shale  and  sandstone,  ivhich  persist  over  a 
considerable  area  east  and  west  of  Bass  Canyon 
and  etch  out  everywhere,  leaving  a  small  alcove 
overhxmg  by  the  cliff.  The  alcove  will  guide 
the  observer  to  the  contact  between  the  Bright 
Angel  shale  and  the  Muav  limestone. 

Subdivision  C  consists  chiefly  of  thin-bedded 
mottled  limestone  but  imlike  subdivision  D 
contains  many  thin  interbedded  layers  of  sand- 
stone and  shale.  The  character  and  succession 
of  the  strata,  which  are  variable  in  composi- 
tion and  occur  in  countless  alternations,  are 
shown  in  the  detailed  section  on  pages  33-34. 
Some  parts  of  the  subdivision  contain  as  much 
sandstone  and  shale  as  mottled  limestone,  but 
other  parts  contain  considerably  more  mottled 
limestone  than  any  other  rock,  and  large  parts 
consist  almost  entirely  of  mottled  limestone. 
The  mottled  limestone  in  subdivision  C, 
imlike  that  in  the  underlying  subdivision,  is 
chiefly  of  the  intraformational-conglomerate 
type.  In  general  the  beds  contain  more 
worm  markings  than  those  of  subdivision  D 
and  vary  more  in  thickness  and  composition. 
Some  beds  attain  a  thickness  of  a  foot  or  more, 
and  many  are  from  4  to  6  inches  thick,  although 
most  are  less  than  1  inch.  The  thicker  beds 
of  intraf  ormational  conglomerate  are  lenticular, 
exhibiting  considerable  variation  within  hori- 
zontal distances  of  a  few  hundred  feet.  Glau- 
conite  occurs  sparingly  in  some  strata.  Most 
of  the  interbedded  sandstone  and  shale  resem- 
ble those  which  prevail  in  the  Bright  Angel 
shale.  The  sandstone  is  fine  grained,  quartzose, 
and  micaceous  and  occurs  in  thin  platy  layers; 
the  shale  is  greenish,  soft,  micaceous,  and 
sandy.  Some  of  the  sandstone,  however,  is 
calcareous  and  resembles  that  which  occurs 
in  the  overlying  subdivision  B.  A  prominent 
bed  of  hard  brownish-buff  cross-bedded  calca- 
reous sandstone  8  feet  thick  appears  at  a 
horizon  142  feet  above  the  base  of  subdivision  C 
and  makes  a  small  conspicuous  and  persistent 
brown  cliff  that  is  traceable  over  many  miles 
in  the  region  about  Bass  Canyon.  Other  beds 
of  calcareous  sandstone  are  interbedded  with 
intraformational  conglomerate  and  platy 
quartzose  sandstone  at  the  top  of  the  subdi- 


vision. Some  of  these  upper  beds  exhibit 
purplish  spots  and  mottlings  similar  to  those 
which  appear  in  the  rocks  of  subdivision  B, 
and  some  of  the  intraformational  conglomerates 
are  purpUsh. 

Subdivision  B  consists  chiefly  of  fine-grained 
calcareous  sandstone  but  includes  beds  of 
platy  quartzose  sandstone,  sandy  micaceous 
shale,  crystalline  limestone,  dolomite,  and  in- 
traformational conglomerate..  The  prevailing 
color  of  the  strata  is  pale  buff,  but  pinkish, 
purplish,  and  greenish  hues  occur.  Many  beds 
contain  pinkish  or  purplish  blotches  and  mot- 
tlings. The  upper  portion  of  the  subdivision 
is  relatively  thick  bedded,  many  beds  attain- 
ing a  thickness  of  2  feet  or  more.  The  lower 
portion  contains  some  beds  as  much  as  1  foot 
thick  but  in  general  is  thin  bedded.  Toward 
the  base  the  lamination  becomes  shaly  and 
many  layers  are  as  thin  as  cardboard.  Most 
of  the  subdivision  forms  a  cliff  or  a  steep  ledgy 
slope  broken  by  cliffs. 

The  typical  calcareous  sandstone  is  hard, 
compact,  and  fine  grained,  effervesces  with 
acid,  and  is  easily  scratched  with  a  knife. 
Weathered  surfaces  feel  gritty  and  display 
indistinct  cross-bedding,  although  freshly  bro- 
ken surfaces  may  exhibit  no  cross-bedded 
structure.  Some  beds  are  crystalline  and  con- 
sist entirely  of  calcareous  material.  Others 
contain  more  or  less  fine  quartzose  and  mica- 
ceous sand.  It  is  difficult  to  decide  whether  to 
classify  some  beds  as  limestone  or  as  calcareous 
sandstone,  but  the  cross-bedded  structure 
indicates  that  the  component  material,  what- 
ever its  composition,  is  of  clastic  origin. 

The  upper  half  of  the  subdivision  is  com- 
posed largely  of  the  calcareous  sandstone  just 
described.  Here  and  there  a  bed  of  pinkish  or 
purplish  crystalline  limestone  is  interbedded 
with  the  calcareous  sandstone.  Beds  of  fine 
quartzose  sandstone,  sandy  shale,  and  intra- 
formational conglomerate  appear  at  several 
horizons,  and  near  the  top  of  the  subdivision 
there  is  a  bed  or  two  of  dolomite  similar  to  that 
in  the  overlying  subdivision  A.  The  lower 
half  of  the  subdivision  is  composed  partly  of 
calcareous  sandstone  and  partly  of  platy 
quartzose  micaceous  sandstone,  sandy  mica- 
ceous shale,  and  intraformational  conglomerate. 
Worm  markings  are  abundant,  and  some  beds 
exhibit  sun  cracks  and  ripple  marks.     Scat- 
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tered  grains  of  glauconite  occur  in  some  beds. 
Most  beds  in  the  lower  part  of  the  subdivision 
do  not  effervesce  with  acid. 

Although  intraf  ormational  conglomerate  may 
appear  at  any  horizon  in  subdivision  B  it  does 
not  form  thick  sets  of  beds  and  is  not  abundant 
in  the  subdivision  as  a  whole.  Most  of  it  differs 
in  composition  from  the  conglomerate  in  the 
underlying  subdivision  in  that,  although  com- 
posed chiefly  of  small  flattened  rounded  pebbles, 
it  is  not  essentially  a  limestone.  Most  of  the 
pebbles  are  fine-grained  sandstone,  and  the 
matrix  is  fine  sand. 

Subdivision  A,  at  the  top  of  the  Muav,  con- 
sists of  hard  buff  limestone  which  forms  massive 
beds  from  2  to  10  feet  thick.  Thin  partings  of 
sandy  shale  separate  some  beds.  The  lime- 
stone is  entirely  crystalline  and  exhibits  no 
bedded  structure  on  freshly  broken  sm^aces, 
but  weathered  surfaces  show  faint  traces  of 
cross-bedding.  Most  of  the  rock  contains 
small  cavities,  some  of  which  are  filled  with 
crystalline  material.  Some  beds  exhibit  pur- 
plish blotches  and  mottlings.  Most  beds  do 
not  effervesce  with  acid,  although  some  effer- 
vesce feebly.  The  following  analysis  shows  the 
composition  of  a  typical  specimen  of  the  lime- 
stone from  a  bed  15  feet  above  the  base  of  the 
subdivision  in  Bass  Canyon. 

Partial  chemical  analysis  of  limestone  from  subdivision  A^ 

Muav  limestone. 

[Alfred  k.  Cliambeni,  analyst.]    - 

Insoluble 1. 52 

(Fe,  AI)aO, 80 

CaO 30.10 

MgO 20.78 

From  this  analysis  it  appears  that  the  rock 
is  a  magnesian  limestone  that  differs  little  in 
composition  from  typical  dolomite.  The  small 
amount  of  insoluble  material  which  the  rock 
contains  suggests  that  if,  as  the  indistinct  cross- 
bedding  indicates,  the  rock  was  composed 
originally  of  detrital  sand,  the  sand  was  calca- 
reous, not  siliceous. 

These  massive  dolomites  of  subdivision  A 
are  the  most  resistant  strata  in  the  Tonto  group 
and  in  consequence  of  their  hardness  weather 
everjrwhere  into  strong  cliffs.  In  appearance 
they  are  wholly  unlike  the  thin-bedded  strata 
of  the  Bright  Angel  shale  and  lower  Muav,  re- 
sembling rather  beds  at  the  base  of  the  great 
cliff  formed  by  the  Redwall  limestone.     How- 
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ever,  they  are  separated  from  the  Redwall  cliff 
in  Bass  Canyon  by  75  feet  of  thinly  laminated 
beds  that  form  a  slope,  so  that  the  observer 
will  experience  no  difficulty  in  distinguishing 
them  from  the  Redwall  strata.  The  upper 
limit  of  subdivision  A  is  an  unconformity  of 
erosion,  which  is  described  on  pages  49-51. 

Thickness  and  correkUion. — ^The  columnar 
sections  in  the  Kaibab  division  of  the  Grand 
Canyon  (see  PI.  XX)  in  connection  with  Wal- 
cott^s  section  at  Kanab  Creek  (see  PI.  XIX) 
trace  the  lithology  of  the  Muav  limestone 
through  a  distance  of  50  miles  southeastward. 
These  sections  show  that  the  formation  thiils 
steadily  from  northwest  to  southeast.  The 
thickness  at  Kanab  Creek  is  685  feet;  at  Garnet 
Canyon,  504  feet;  at  Bass  Canyon,  473  feet;  at 
Slate  (>eek,  429  feet;  at  Hermit  Creek,  419 
feet;  at  Pipe  Creek,  383  feet;  and  at  Cotton- 
wood Creek  (estimated),  238  feet.  At  Nunko- 
weap  Valley  the  thickness  is  425  feet,  but  this 
locality  is  15  miles  north  of  Cottonwood  Creek. 
Thus  the  formation  loses  about  two-thirds  of 
its  thickness  in  the  50  miles  between  Kanab 
Creek  and  Cottonwood  Creek.  The  thinning 
is  due  primarily  to  decrease  in  deposition,  not 
to  erosion,  although  at  some  places — ^for  ex- 
ample, at  Cottonwood  Creek — ^more  beds  have 
been  removed  below  the  erosional  unconformity 
at  the  top  of  the  Muav  than  at  others. 

The  chief  lithologic  units  into  which  the  for- 
mation is  divisible  at  Bass  Canyon  are  rec- 
ognizable in  all  the  other  sections,  although 
it  is  difficult  to  trace  from  one  locality  to 
another  the  exact  boundaries  that  limit  the 
subdivisions,  because  the  strata  undergo  gradual 
changes  in  composition  from  place  to  place 
and  the  subdivisions  grade  into  one  another 
vertically.  Broadly  the  lower  two-thirds  of 
the  formation  everywhere  is  thin  bedded  and 
consists  of  mottled  limestone  and  interbedded 
sandy  material,  whereais  the  upper  third  is 
comparatively  thick  bedded  and  consists  of 
calcareous  sandstone  below  and  massive  Ume- 
stone  above.  Large  parts  of  the  formation, 
however,  become  increasingly  sandy  toward 
the  southeast.  At  Kanab  Cl*eek  the  forma- 
tion consists  chiefly  of  limestone,  whereas  at 
Cottonwood  Creek,  50  miles  southeast  of  Kanab 
Creek,  and  at  Nimkoweap  Valley,  15  miles 
north  of  Cottonwood  Creek,  it  consists  chiefly 
of  calcareo-arenaceous  rocks. 
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Most  of  the  lithologic  change  occurs  in  sub- 
divisions C  and  D.  (See  PL  XX.)  Thus  at 
Bass  Canyon  subdivision  D,  at  the  base  of  the 
Muav,  is  97  feet  thick  and  consists  almost 
whoUy  of  mottled  limestone.  Only  10  feet  of 
limestone,  at  the  base  of  the  subdivision,  con- 
tains interbedded  layers  of  sandstone.  At 
Slate  Creek,  southeast  of  Bass  Canyon,  the 
mottled  limestone  of  subdivision  D  is  50  feet 
thick,  and  the  basal  44  feet  of  the  subdivision 
is  made  up  of  alternating  beds  that  consist 
chiefly  of  sandstone  and  shale  but  include  a  few 
layers  of  mottled  limestone.  That  these  pre- 
vailingly sandy  beds  are  actually  a  part  of  sub- 
division D  as  defined  at  Bass  Canyon  and  are 
not  equivalent  to  beds  included  in  the  Bright 
Angel  shale  at  Bass  Canyon  is  clear,  because 
the  conspicuous  soft  green  shale  that  marks 
the  upper  limit  of  the  Bright  Angel  shale  at 
Bass  Canyon  (see  p.  34)  is  traceable  continu- 
ously fi'om  Bass  Canyon  to  Slate  Creek.  At 
Hermit  Creek  the  mottled  limestone  of  sub- 
division D  is  40  feet  thick  and  the  imderlying 
sandy  beds  42  feet;  and  at  Pipe  Creek,  still 
farther  southeast,  the  mottled  limestone  is  34 
feet  thick  and  the  sandy  beds  51  feet.  At  the 
last  two  localities  the  mottled  limestone  inter- 
bedded with  the  sandy  beds  is  very  impure,  so 
that  the  beds  do  not  diflFer  conspicuously  from 
the  Bright  Angel  shale  and  are  difficult  to  sep- 
arate from  it.  At  Cottonwood  Creek,  south- 
east of  Pipe  Creek,  the  mottled  limestone  at 
the  top  of  subdivision  D  is  only  25  feet  thick 
and  overUes  beds  of  greenish  sandstone  which 
contain  layers  of  impure  mottled  limestone  in 
the  upper  17  feet.  Here  I  have  placed  the 
base  of  subdivision  D  at  a  point  37  fetet  below 
the  25-foot  bed  of  mottled  limestone.  This 
horizon,  as  nearly  as  I  could  determine,  is 
equivalent  to  that  which  marks  the  top  of  the 
Bright  Angel  shale  at  Bass  Canyon,  but  the 
horizon  is  not  actually  traceable  between  Bass 
Canyon  and  Cottonwood  Creek.  Probably, 
however,  my  estimate  of  its  position  at  Cotton- 
wood Creek  is  correct  within  25  feet. 

West  of  Bass  Canyon,  at  Garnet  Canyon,  the 
mottled  limestone  is  122  feet  thick  and  occupies 
all  of  subdivision  D.  A  few  thin  layers  of 
sandy  material  are  interbedded  with  the  basal 
6  feet  of  the  limestone. 

Thus  subdivision  D  decreases  in  thickness 
and  imdergoes  a  gradual  change  in  composition 
southeastward   through   the  Kaibab   division. 


It  decreases  from  122  feet  at  Oamet  Canyon 
to  62  feet  at  Cottonwood  Creek,  28  miles 
southeast  of  Garnet  Canyon.  At  Garnet 
Canyon  it  consists  almost  entirely  of  mottled 
limestone;  at  Cpttonwood  Creek  it  contains 
only  a  third  as  much  mottled  limestone  as 
sandstone  and  shale,  the  limestone  measuring 
only  25  feet.  The  increase  of  sandy  material 
in  the  lower  part  of  the  subdivision  makes  its 
separation  from  the  Bright  Angel  shale  in- 
creasingly difficult  southeast  of  Bass  Canyon. 

Subdivision  C,  like  subdivision  D,  de- 
creases in  thickness  southeastward.  At  the 
type  locality,  at  Bass  Canyon,  it  is  241  feet 
thick.  Southeast  of  Bass  Canyon  equivalent 
beds  are  225  feet  thick  at  Slate  Creek,  215  feet 
at  Hermit  Creek,  185  feet  at  Pipe  Creek,  and 
176  feet  at  Cottonwood  Creek.  These  correla- 
tions are  necessarily  approximate,,  because 
subdivision  C  is  nowhere  separated  from  the 
overlying  and  underlying  subdivisions  by- 
sharp  lithologic  changes,  but  in  general  the 
limits  of  the  beds  correlated  with  subdivision 
C  are  believed  to  be  correctly  placed  within 
25  feet.  At  all  localities  the  subdivision  is 
prevailingly  calcareous  but  variable  in  com- 
position, thin  beds  of  mottled  limestone,  in 
traformational  conglomerate,  sandstone,  and 
shale  succeeding  one  another  in  countless 
alternation,  yet  it  contains  much  more  lime- 
stone  in  proportion  to  sandy  material  at  Garnet 
Canyon  than  at  Cottonwood  Creek  and  thus, 
like  subdivision  D,  becomes  increasingly  sandy 
toward  the  southeast.  Glauconite,  which  oc- 
curs sparingly  in  the  subdivision  at  Garnet 
and  Bass  canyons,  becomes  increasingly  abund- 
ant southeast  of  Bass  Canyon. 

Subdivisions  C  and  D  together  constitute 
that  part  of  the  Muav  limestone  in  which 
thin-bedded  mottled  limestone  is  the  prevail- 
ing rock  and  occupy  the  lower  two-thirds  of 
the  formation.  I  have  separated  them  at 
Bass  Canyon,  (1)  because  at  that  locality 
subdivision  D  consists  essentially  of  mottled 
limestone,  whereas  subdivision  C  includes  many 
interbedded  layers  of  sandstone  and  shale; 
(2)  because  practically  no  limestone  in  sub- 
division D  is  of  the  intraformational-conglom- 
erate  type,  whereas  most  of  the  limestone  in 
subdivision  C  is  intraformational  conglomerate; 
and  (3)  because  the  two  subdivisions  differ  in 
topographic  expression,  D  forming  a  cliff  and 
C  forming  a  slope.     Walcott  in  his  sections  at 
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Kanab  Creek  and  Nunkoweap  Valley  (see 
Pis.  XIX  and  XX)  does  not  subdivide  this 
part  of  the  Muav  in  which  mottled  limestone 
is  the  prevailing  rock. 

The  mottled  limestone  at  Kanab  Creek  is 
described  by  Walcott  *^  as  follows : 

The  limestone  is  hard  and  brittle,  breaking  into  angular 
fragments.  Arenaceous  shaly  partings  occur  at  various 
horizons,  and  there  is  considerable  arenaceous  detrital 
matter  mixed  with  the  limestone.  At  the  base  a  massive 
bed  70  feet  in  thickness  occurs,  which  is  followed  by 
several  hundred  feet  of  thin-bedded  limestones.  Many 
layers  are  gray  limestone  full  of  small  flattened  fragments 
[intraformational  conglomerate?].  Toward  the  summit 
the  upper  85  feet  is  essentially  a  repetition  of  the  70  feet 
at  the  base.  The  entire  mass  has  a  thickness  of  450  feet. 
The  coralline  mottling,  as  it  has  been  called  by  authors, 
extends  from  base  to  summit.  That  a  portion  of  the 
mottling  is  produced  by  the  former  presence  of  branching 
corals  may'  be  true,  but  that  such  is  usually  the  case  is 
questioned.  A  study  of  the  various  forms  of  ramifjdng 
annelid  trails  and  borings  in  the  shales  beneath  prepares 
us  to  look  for  the  origin  of  the  mottling  in  that  direction. 
On  the  surface  of  the  intercalated  arenaceous  shales  and 
also  of  the  shaly  sandstonie  layers  these  trails  are  seen  in 
abundance.  They  may  be  traced  into  the  limestone 
from  the  surface.  AVhere  the  matrix  is  arenaceous  they 
are  frequently  calcareous,  and  in  the  calcareous  layers 
they  are  often  silicified.  Usually  of  a  purplish  color, 
they  may  be  gray  or  buff  according  to  the  material  by 
which  they  have  been  replaced.  «  »  *  I  should 
aasign  to  annelids  by  far  the  greater  share  in  the  origin  of 
the  mottling  of  the  limestone. 

The  450-foot  mottled-limestone  member  just 
described  constitutes  subdivision  c  of  Wal- 
cott's  section  at  Kanab  Creek  and  is  undoubt- 
edly roughly  equivalent  to  subdivisions  C  and 
D  of  my  Bass  Canyon  section.  At  Nunko- 
weap Valley  it  constitutes  subdivision  3  of 
Walcott's  section,  is  340  feet  thick,  and  is  a 
series  of  mottled  and  variegated  calcareo- 
arenaceous  rocks.  Thus  it  decreases  from  450 
feet  at  Kanab  Creek  to  338  feet  (the  aggregate 
thickness  of  subdivisions  C  and  D)  at  Bass 
Canyon,  30  miles  southeast  of  Kanab  Creek. 
Between  Bass  Canyon  and  Nunkoweap  Valley, 
30  miles  to  the  northeast,  the  thickness  changes 
very  little,  but  between  Bass  Canyon  and  Pipe 
Creek,  18  miles  to  the  southeast,  it  decreases 
from  338  to  270  feet,  and  at  Cottonwood  Creek, 
southeast  of  Pipe  Creek,  it  appears  to  be  less 
than  it  is  at  Pipe  Creek.  Walcott's  descrip- 
tions indicate  that  the  member  is  much  less 
sandy  at  Kanab  Creek  than  at  Nimkoweap 
Valley  and  somewhat  less  sandy  at  Kanab 

*  Waloott,  CD.,  unpublished  notes. 


Creek  than  at  Bass  Canyon.  It  is  therefore 
evident  that  the  member  as  a.  whole  becomes 
increasingly  sandy  southeastward  from  Kanab 
Creek. 

Subdivisions  A  and  B,  which  constitute  the 
upper  third  of  the  Muav  at  Bass  Canyon,  are 
represented  by  equivalent  strata  in  all  the 
sections  shown  on  Plates  XIX  and  XX,  except 
in  the  section  at  Cottonwood  Creek,  where 
they  have  been  removed  by  erosion. 

The  relatively  thick-bedded  calcareous  sand- 
stone in  the  upper  part  of  subdivision  B  of  my 
Bass  Canyon  section  is  evidently  equivalent 
to  the  gray  and  buff  calciferous  sandrock,  50 
feet  thick,  which  constitutes  subdivision  B  of 
Walcott's  section  at  Kanab  Creek,  and  to  the 
yellowish  sandstone,  25  feet  thick,  which  con- 
stitutes subdivision  2  of  his  section  at  Nun- 
koweap Valley.  Probably  subdivision  B  as 
defin'ed  by  me  includes  a  wider  range  of  strata 
than  the  corresponding  subdivision  as  defined 
by  Walcott,  and  if  so  the  thin-bedded  sand- 
stones of  variable  composition  in  the  lower 
part  of  my  subdivision  B  may  be  equivalent 
to  beds  of  limestone  at  the  top  of  Walcott's 
subdivision  C  at  Kanab  Creek  and  to  beds  of 
calcareo-drenaceous  rocks  at  the  top  of  his 
subdivision  3  at  Nunkoweap  Valley.  Sub- 
division B  as  defined  at  Bass  Canyon  does  not 
appear  to  undergo  any  significant  lithologic 
change  in  the  area  between  Garnet  Canyon 
and  Pipe  Creek.  The  thick-bedded  calcareous 
sakidstone  in  the  upper  portion  maintains  a 
thickness  of  about  35  feet,  whereas  the  sub- 
division as  a  whole  varies  irregularly  in  thick- 
ness, being  78  feet  thick  at  Garnet  Canyon,  72 
feet  at  Bass  Canyon,  95  feet  at  Slate  Creek,  93 
feet  at  Hermit  Creek,  and  87  feet  at  Pipe  Creek. 
The  fact  that  the  boundary  between  subdivi- 
sions B  and  C  is  indefinite  suggests  that  these 
variations  may  be  only  apparent,  because  in 
measuring  some  sections  I  may  have  included 
in  subdivision  B  beds  that  are  actually  equiv- 
alent to  beds  in  the  imderlying  subdivision  C 
of  the  Bass  Canyon  section. 

Subdivision  A  as  defined  at  Bass  Canyon 
consists  of  massive  buff  crystalline  limestone 
whose  composition  is  approximately  that  of 
dolomite  and  which  appears  to  be  formed 
largely  of  calcareous  or  dolomitic  sand.  This 
subdivision  is  constant  in  lithologic  character 
in  all  the  sections  between  Garnet  Canyon  and 
Pipe  Creek  but  exhibits  many  irregularities 
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in  thickness,  owing  to  the  fact  that  its  upper 
surface  is  an  unconformity  of  erosion.  Its 
thickness  is  70  feet  at  Garnet  Canyon,  63  feet 
at  Bass  Canyon,  15  feet  at  Slate  Creek,  29  feet 
at  Hermit  Creek,  and  26  feet  at  Pipe  Creek. 
In  the  region  between  Bass  Canyon  and  Hermit 
Creek  the  beds  of  subdivision  A  have  been 
entirely  removed  at  many  places  and  a  large 
part  of  the  underlying  subdivision  B  has  been 
removed  at  some  places.  These  variations  in 
thickness  show  the  character  and  relief  of  the 
surface  produced  by  erosion  after  the  beds  of 
subdivision  A  were  deposited  but  afford  no 
evidence  concerning  the  original  thickness  of 
the  beds. 

Subdivision  A  is  apparently  equivalent  to 
the  massive  mottled  limestone,  60  feet  thick, 
which  constitutes  subdivision  1  of  Walcott's 
section  at  Nunkoweap  Valley  and  to  the  mas- 
sive arenaceous  and  more  or  less  mottled  lime- 
stone, 185  feet  thick,  which  constitutes  subdi- 
vision a  of  his  section  at  Kanab  Creek.  At 
Kanab  Creek,  at  Nunkoweap  Valley,  and  in  the 
area  between  Garnet  Canyon  and  Pipe  Creek 
these  limestones  lie  at  the  top  of  the  Muav. 
Everywhere,  therefore,  they  occupy  the  same 
stratigraphic  position  with  regard  to  the  under- 
lying beds  of  calcareous  sandstone  of  subdivi- 
sion B.  Moreover,  if  it  is  assumed  that  the 
sand  in  Walcott's  limestones  is  calcareous, 
they  do  not  appear  to  differ  conspicuously 
from  the  equivalent  beds  in  the  area  between 
Garnet  Canyon  and  Pipe  Creek.  Some  of  the 
beds  in  this  intermediate  area  exhibit  purplish 
blotches  and  mottlings,  and  all  of  them,  like 
Walcott's  beds,  are  massive.  Inasmuch  as  the 
top  of  subdivision  A  is  eroded  at  Kanab  Creek 
and  at  Nunkoweap  Valley  as  well  as  in  the  in- 
termediate area  it  is  impossible  anywhere  to 
determine  the  original  thickness  of  the  subdi- 
vision and  consequently  of  the  Muav  limestone. 

Freeh's  section^*  at  ''Congress  Canyon" 
(Red  Canyon),  3  miles  east  of  Cottonwood 
Creek,  shows  only  129  feet  of  strata  at  the  sum- 
mit of  the  Tonto  group  that  can  be  confidently 
assigned  to  the  Muav  limestone.  Probably  he 
has  included  strata  in  the  RedwaU  limestone 
which  are  actually  equivalent  to  the  Muav  and 
Temple  Butte  limestones,  because  the  thick- 
ness of  1 ,000  feet  which  he  assigns  to  the  Red- 
wall  at  that  locality  is  certainly  too  great  by 
several  hundred  feet. 


»  Freeh,  F..  op.cit.,p.  479. 


Fossils. — Fossils   are   scarce   in   the   Muav 

limestone.     At  Kanab  Creek,  from  the  lower 

bed  of  mottled  limestone  in  subdivision  c  of 

his  section,  Walcott**  obtained  the  following 

species: 

.  HyoUthes  primordialifl? 
lingulepis  prima? 
Acrotreta?  sp. 
Orthifiinasp. 
Ptychoparia  ep. 
Bathyurufl?  sp. 

This  bed  of  mottled  limestone  is  probably 
roughly  equivalent  to  my  subdivision  D  of  the 
Muav  at  Bass  Canyon.     (See  pp.  43-44.) 

From  the  upper  bed  of  mottled  limestone 
in  subdivision  c  at  Kanab  Creek  Walcott 
obtained  the  forms  listed  above  and  in  addi- 
tion a  species  of  Lingula.  This  mottled  lime- 
stone is  probably  equivalent  to  bedd  in  the 
upper  part  of  my  subdivision  C  at  Bass  Canyon. 

From  beds  in  the  upper  part  of  the  Muav 
limestone  at  Kanab  Creek  which  are  probably 
equivalent  to  my  subdivision  A  at  Bass  Canyon 
Walcott  obtained  a  species  of  TrenuUis  and  an 
imperfect  specimen  of  Discina. 

At  Nimkoweap  Valley  the  beds  at  the  top  of 
the  Muav  which  are  equivalent  to  my  subdi- 
vision A  at  Bass  Canyon  are  reported  by  Wal- 
cott to  contain  Lingulepis  and  Ptychoparia. 
(See  columnar  section  at  Nunkoweap  Valley, 
PL  XX.) 

In  the  area  covered  by  my  sections  between 

Garnet  Canyon  and  Cottonwood  Creek  I  have 

obtained  fossils  from  the  Muav  limestone  at 

only  one  locaUty.     At  Hermit  Creek,  from  a 

bed  of  mottled  limestone  in  subdivision  C, 

118  feet  above  the  base  of  the  subdivision,  I 

collected 

Finkelnburgia  sp. 
Syntxx)phia  sp. 
Anomocarella  sp. 
Pagodia?  ep. 
Ptychoparia?  sp. 

The  locality  is  on  the  west  slope  of  Cope 

Butte  a  few  hundred  feet  north  of  the  Hermit 

trail..    The  fossils  were  identified  by  Edwin 

Kirk,  who  states : 

The  fauna  as  shown  in  the  collection  might  be  either 
Middle  or  Upper  Cambrian.  I  think  more  extensive  col- 
lections are  needed  definitely  to  prove  its  age.  In  this 
connection  a  faunal  list  given  by  Walcott "  might  be  of 
interest.  This  fauna  is  cited  from  the  Tonto  at  Kanab 
Creek  and  is  oriven  as  Upper  Cambrian. 


«  Walcott.  CD.,  unpublished  not«s. 
«J  Walcott,  C.  D.,  U.  S.  Gool.  Sun^ey  Mon.  51,  p.2U,  locality  7%  1012. 
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At  Hermit  Creek,  from  a  bed  in  subdivision 
C,  50  feet  lower  than  that  in  which  I  found  the 
fossils  listed  above,  Schuchert  **  obtained 
pygidia  of  Saukia  and  of  Neolenus,  In  dis- 
cussing the  fossils  collected  at  Hermit  Creek  he 
states,  ''  These  fossils,  and  more  especially  the 
trilobites,  show  that  the  Muav  is  of  Upper 
Cambrian  age." 

Regarding  the  age  of  the  Muav  limestone 
Walcott  ^*  states : 

As  far  as  can  be  determined  from  the  present  collections 
I  should  include  the  Muav  limestone  in  the  Upper  Cam- 
brian; the  Bright  Angel  shale  and  Tapeats  sandstone  in 
the  l^fiddle  Cambrian.  However,  it  is  very  desirable  that 
laiger  collections  be  made  from  the  Muav  limestone. 

Therefore  I  have  assigned  the  Muav  lime- 
stone to  the  Upper  Cambrian  in  the  present 
report,  although  I  reaUze  that  further  collec- 
tions of  fossils  are  necessary  before  its  age 
can  be  fixed  definitely.  A  careful  search  for 
fossils  at  the  top  of  the  formation  may  yield 
interesting  results,  for  if  the  Muav  is  in  fact 
Upper  Cambrian  it  is  conceivable  that  strata 
younger  than  Cambrian  and  older  than  Upper 
Devonian  may  be  preserved  in  some  places 
beneath  the  surface  of  erosion  at  the  top  of 
the  formation. 

XTNC0N70BMITY  BETWEEN  CAMBSIAN  AKD 
DEVONIAN  SYSTEMS. 

Walcott  has  shown  that  both  at  Kanab 
Creek  "  and  in  the  region  about  Nunkoweap 
Valley ,^^  50  miles  southeast  of  Kanab  Creek, 
the  upper  limit  of  the  Tonto  group  is  an  un- 
conformity. The  unconformity  at  Kanab 
Creek  he  describes  as  a  strong  line  of  erosion 
that  in  places  exhibits  vertical  irregularities 
of  80  feet  within  horizontal  distances  of  a  few 
hundred  feet.  In  studying  the  Tonto  group 
between  Garnet  Canyon  and  Cottonwood 
Creek  I  have  traced  this  unconformity  through 
a  distance  of  about  28  miles  in  the  south  wall 
of  the  Grand  Canyon  in  the  Kaibab  division. 
(See  PI.  XX.)  Probably,  therefore,  it  ex- 
tends continuously  from  Kanab  Creek  to 
Nunkoweap  Valley.  Further  study  may  show 
that  it  extends  far  west  of  Kanab  Creek. 

Inasmuch  as  the  unconformity  lies  within 
horizontal  strata   it  can  not  be  detected  by 

**  Schuchert,  Charle.<<,  op.  cit.,  p.  369. 

"  Walcott,  C.  D.,  personal  communication. 

••  Walcott,  C,  D.,  The  Permian  and  other  Paleozoic  groups  of  the 
Kanab  Valley,  Ari«.:  Am.  Jour.  Sci.,  3d  ser.,  vol.  20,  pp.  231-225, 1880. 

w  Walcott,  C.  D.,  Pre<3arboniferous  strata  in  the  Grand  Canyon  of 
the  Colorado,  Ari-:.:  .*  ra.  Jour.  Sci.,  3  1  -or.,  vol.  26,  p.  438,  1R83. 


discordance  of  dip  and  is  plainly  recognizable 
only  where  the  eroded  surface  exhibits  strong 
relief.  In  places  where  the  eroded  surface 
is  level  or  nearly  level,  as,  for  example,  at 
Bass  Canyon  and  at  Cottonwood  Creek,  the 
unconformity  is  obscure.  Even  where  the 
surface  is  moderately  irregular,  as  in  the  re- 
gion about  the  Hermit  and  Bright  Angel 
trails,  the  visitor  may  at  first  experience 
considerable  difficulty  in  recognizing  the  im- 
conformity  until  he  knows  exactly  where  ta 
look  for  it. 

At  present  the  Hermit  and  Bright  Angel 
trails  afford  the  visitor  the  easiest  opportunity 
to  examine  the  unconformity.  If  he  will 
descend  either  of  these  trails  to  a  point  about 
a  hundred  feet  below  the  base  of  the  sheer 
cliff  formed  by  the  RedwaU  limestone,  pick 
out  the  beds  of  massive  cliff-making  dolomite 
that  constitute  the  topmost  subdivision  of  the 
Muav  limestone  (see  PI.  XX),  and  follow 
their  upper  surface,  he  will  find  broken-down 
areas  in  the  top  of  the  dolomite  cliff,  which  at 
first  sight  may  appear  to  be  caused  by  masses 
of  rock  breaking  off  from  the  cliff  but  which 
close  inspection  will  show  to  be  hollows 
eroded  in  the  dolomite  and  filled  by  overlying 
strata.  As  a  rule  the  strata  in  the  hollows 
exhibit  pale  purplish  or  pinkish  tints,  which 
contrast  slightly  with  the  prevailing  buff  or 
gray  of  the  dolomite,  although  in  many  places- 
their  color  is  obscured  by  buff  and  gray  stains 
washed  over  them  from  overlying  beds.  More- 
over, they  are  softer  than  the  dolomite  and 
are  irregularly  bedded,  so  that  they  weather 
more  easily  than  the  dolomite  and  form 
slopes.  Commonly,  these  slopes  are  wholly  or 
partly  covered  with  talus. 

In  the  canyon  of  Garden  Creek,  through 
which  the  Bright  Angel  trail  descends  from 
the  rim  of  the  Grand  Canyon  at  El  Tovar,  a 
hollow  of  the  type  just  described  is  well  ex- 
posed near  the  north  end  of  the  promontory 
that  separates  the  canyon  of  Garden  Creek 
from  that  of  Pipe  Creek.  This  hollow  lies 
about  half  a  mile  east  of  Indian  Garden  and 
may  be  reached  by  leaving  the  trail  near 
Indian  Garden  and  climbing  the  long  slope  of 
Bright  Angel  shale  and  Muav  limestone  east 
of  the  Garden.  Other  hollows  are  exposed 
in  the  canyon  of  Garden  Creek  which  the  vis- 
itors will  easily  discover  when  he  has  learned 
where  to  look  for  them.     The  canyon  of  Pipo 
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Creek,  east  of  Garden  Creek,  contains  at  least 
ten  of  them.  Several  are  exposed  in  each  of 
the  canyons  west  of  Garden  Creek,  between 
Garden  Creek  and  Hermit  Creek. 


called  "  Long  Drag  "  and  climb  eastward  sevei'al 
hundred  feet  up  the  steep  ledgy  slope  formed  by 
subdivisions  C  and  B  of  the  Muav  limestone, 
following  a  contact  between  bare  rock  on  his 
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Figure  3.— Dfagraminatic  sketches  showing  general  character  of  uncon- 
formity between  Temple  Butte  limestone  and  Muav  limestone  at 
eight  localities  between  Garnet  Canyon  and  Cottonwood  Creek,  Grand 
CEtnyon,  Ariz,  o,  (lamet  Canyon;  6,  Bass  Canyon;  c,  Ruby  Canyon; 
d,  TurquLso  Canyon;  e,  Slate  Creek;  /,  Hermit  Creek;  ?,  Pipe  Creek; 
h,  Cottonwood  Creek. 

In  the  canyon  of  Hermit  Creek  a  hollow 
nearly  80  feet  deep  lies  in  the  northern  slope  of 
Cope  Butte  just  east  of  and  above  the  Hertnit 
trail.  To  reach  this  hollow  the  visitor  should 
leave  the  trail  at  the  lower  end  of  the  tangent 


Temple  Butte       ^^^^  ^^^  talus  on  his  right.     The  hol- 
'iwcav?2!?v/7v      1^^  ^  difficult  to  find,  because  all 


^Muav  limestone    ^^^  ^^®  north  end  of  it  is  concealed 


B 


by  talus,  and  the  observer  may 
doubt  its  existence  until  he  actually  reaches  it. 
The  north  end  of  the  hollow  affords  gdod  expo- 
sures of  the  gnarly,  irregularly  bedded  pinkish 
or  purplish  calcareous  sandrock  that  consti- 
tutes the  typical  deposit  of  known  Devonian 
age  in  this  part  of  the  Grand  Canyon  (see  p.  51) , 
so  that  to  one  interested  in  the  stratigraphy 
the  hollow  is  well  worth  a  visit  because  of  its 
accessibility.  A  similar  hollow  is  exposed  on 
the  west  side  of  the  canyon  of  Hermit  Creek 
about  a  mile  west  of  the  hollow  just  described. 
It  lies  near  the  north  end  of  the  promontory 
that  separates  the  canyon  of  Hermit  Creek  from 
the  next  large  canyon  west  of  it. 

By  far  the  best  exposures  of  the  unconformity 
which  I  have  seen  in  the  Grand  Canyon  are  in 
the  region  between  Hermit  Creek  and  Bass 
Canyon,  in  the  long  straight  canyons  that  head 
behind  Diana,  Pollux,  and  '  Castor  temples, 
namely.  Slate  Creek,  Agate,  Sapphire,  and  Tur- 
quoise canyons;  also  in  Ruby  Canyon,  2^  miles 
southeast  of  Bass  Canyon.  In  all  these  can- 
yons the  surface  of  erosion  is  irregular  in  many 
places,  so  that  the  unconformity  is  plainly  evi- 
dent at  first  sight,  even  when  viewed  from  a  con- 
siderable distance.  This  interesting  region, 
however,  is  not  easily  accessible  to  the  tourist. 

The  accompanying  sketches  of  the  uncon- 
formity (fig.  3)  show  the  topographic  character 
of  the  eroded  surface  at  eight  different  localities 
between  Garnet  Canyon  and  Cottonwood  Creek. 
The  photographs  reproduced  in  Plates  XXII 
and  XXIII,  A,  show  details  of  the  imcon- 
formity.  At  Garnet  Canyon  the  surface  is  com- 
paratively even  and  exhibits  no  narrow  hollows- 
Depressions  are  eroded  in  it,  but  they  appear 
to  be  so  broad  and  flat  that  the  general  aspect 
of  the  surface  is  mesa-like.  At  Bass  Canyon,  3 
miles  from  Garnet  Canyon,  the  surface  is  prac- 
tically level,  and  I  have  observed  only  one 
irregularity  in  it  in  a  distance  of  several  thou- 
sand feet.  This  irregularity  is  a  stepUke  drop 
of  about  25  feet  from  one  mesa-like  level  to 
another.  At  Ruby  Canyon,  2i  miles  from 
Bass  Canyon,  the  surface  is  very  uneven.     The 
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depressions  in  it  are  numerous,  irregular  in  pro- 
file, and  comparatively  narrow.  Some  of  these 
hollows  are  40  feet  deep.  At  Turquoise  Can- 
yon, 2i  miles  from  Ruby  Canyon,  the  hollows 
are  less  numerous  but  are  broader  and  deeper 
than  they  are  at  Ruby  Canyon.  Some  are  80 
feet  deep.  In  proiSle  they  are  irregular,  like 
those  at  Ruby  Canyon.  At  Slate  Creek,  3  miles 
from  Turquoise  Canyon,  the  hollows  are  broad 
and  deep  but  are  more  symmetrical  in  profile 
than  those  at  Ruby  Canyon.  At  Hermit  Creek, 
5  miles  from  Slate  Creek,  they  are  symmetrical, 
broad,  and  deep  but  are  much  less  numerous 
than  at  Slate  Creek.  At  Pipe  Creek,  5^  miles 
from  Hermit  Creek,  they  are  shallower  and  nar- 
rower than  at  Hermit  Creek  but  otherwise  re- 
semble those  at  Hermit  Creek.  Southeast  of 
Pipe  Creek  they  disappear,  and  at  Cottonwood 
Creek,  7  miles  from  Pipe  Creek,  the  imconfor- 
mity  is  represented  by  a  slightly  wavy  surface 
which  does  not  appear  to  exhibit  vertical  irregu- 
larities of  more  than  3  or  4  feet  in  horizontal 
distances  of  himdreds  of  feet. 

In  the  region  between  Ruby  Canyon  and 
Pipe  Creek  the  hollows  look  Uke  cross  sections 
of  ancient  stream  valleys.  If  they  are,  I  be- 
lieve it  would  be  possible  by  studying  and  map- 
ping the  hollows  between  Slate  Creek  and  Ruby 
Canyon  to  identify  certain  ancient  valleys  in 
opposite  walls  of  a  canyon,  trace  them  through 
the  narrow  promontories  separating  the  can- 
yons, and  thus  by  restoring  in  imagination  their 
courses  over  a  considerable  area  determine  their 
direction  and  grade. 

DEVONIAN  SYSTEM. 
TEMPLE  BUTTS  LDCESTOHE. 

Although  the  upper  limit  of  the  Tonto  group 
Ls  clearly  defined  by  the  unconformity  just  de- 
scribed, the  correlation  of  the  beds  that  lie 
between  this  imconformity  and  the  sheer  cliff 
of  the  Redwall  limestone  is  a  difficult  problem. 
The  beds  differ  from  place  to  place  in  thickness, 
character,  and  succession  and  are  not  separated 
from  the  overlying  Redwall  strata,  of  known 
Mississippian  age,  by  a  sharp  stratigraphic 
break  like  the  unconformity  at  the  summit  of 
the  Tonto.  Some  beds  are  unquestionably  of 
Devonian  age,  and  others  may  be  Mississippian, 
but  owing  to  their  variation  in  character  and 
succession  and  to  the  absence  of  sharp  strati- 
graphic  breaks  their  separation  can  be  estab- 
lished  definitely  only  by  tlie  aid    of   fossils. 


Many  beds  contain  obscure  traces  of  life,  but 
determinable  forms  are  scarce  and  the  beds  are 
difficult  to  reach  in  many  places  where  it  seems 
desirable  to  study  them.  It  will  be  necessary 
to  make  a  more  thorough  study  of  the  beds  than 
I  have  yet  attempted,  and  particularly  to  make 
a  systematic  search  for  fossils  in  them,  before 
their  age  and  correlation  can  be  established  in 
detail.  Meanwhile  t'he  correlations  presented 
in  this  report  (see  PI.  XX)  should  be  regarded 
as  tentative. 

Fortunately  one  type  of  deposit  that  can  be 
recognized  wherever  it  is  present  by  its  peculiar 
lithologic  character  has  yielded  fossils  at  one 
locality  which  conclusively  establish  its  age 
as  Devonian.  This  deposit  is  an  irregularly 
bedded,  gnarly  pinkish  or  purplish  calcareous 
sandrock  which  fills  hollows  in  the  surface 
marked  by  the  unconformity.  It  is  exposed 
most  typically  in  the  canyons  between  Ruby 
Canyon  and  Pipe  Creek  (see  fig.  3  and  PI.  XX) 
and  is  apparently  represented  by  equivalent 
beds  at  Garnet  Canyon  and  at  Cottonwood 
Creek.  It  is  uot  exposed  at  Bass  Canyon. 
Apparently  it  is  the  oldest  deposit  laid  down 
upon  the  post-Tonto  surface  in  this  part  of  the 
Grand  Canyon. 

The  locality  where  I  found  fossils  in  the  de- 
posit is  in  Sapphire  Canyon,  at  an  elevation  of 
about  3,700  feet,  in  the  main  stream  course  of 
the  canyon.  At  this  point  the  deposit  fills  a 
depression  about  50  feet  deep  eroded  in  the 
Muav  limestone.  It  consists  essentiallv  of 
irregularly  bedded  calcareous  sandrock  whose 
component  grains  are  chiefly  calcareous  or 
dolomitic  sand;  the  rock  might  thus  be  classed 
either  as  limestone  or  as  sandstone.  Some 
beds,  however,  are  compact  crystalline  lime- 
stone or  dolomite,  and  some  are  coarse  conglom- 
erate. A  few  beds  consist  of  bright-red  fine- 
grained friable  sandstone  or  sandy  shale  which 
resembles  the  Hei-mit  shale  higher  in  the 
canyon  wall.  (See  p.  64.)  In  places  this  red 
sandstone  shows  concretionary  structure,  and 
some  beds  exhibit  sun  cracks.  Practically 
all  the  calcareous  sandrocks  and  associated 
beds  are  in  lenticular  layers  which  are  highly 
irregular  and  are  of  no  great  horizontal  extent, 
commonly  wedging  out  within  distances  of  less 
than  100  feet.  Local  unconformities  are  com- 
mon between  the  beds.  No  two  vertical  sec- 
tions of  the  deposit  are  alike,  even  in  the  same 
hollow.     The  prevailing  color  of  the  beds  is 
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pinkish  or  purplish  gray,  but  some  beds  display 
green  or  yellowish  tints,  and  some  are  white  or 
cream-colored.  In  many  places  the  colors  are 
mingled  in  blotches  and  streaks.  Most  of  the 
rock  is  moderately  fine  grained,  and  nearly  all 
of  it  exhibits  cross-bedded  structure.  In  many 
parts  of  the  deposit,  but  particularly  at  the  top, 
the  bedding  is  curiously  gnarled  and  contorted. 
Probably  this  gnarly  structure  is  an  irregular 
form  of  cross-bedding. 

The  fossils  occur  in  the  lower  part  of  the 
deposit,  most  of  them  within  3  feet  of  the  base. 
They  are  abundant  but  are  fragmentary  and 
poorly  preserved.  A  few  fragments  are  scat- 
tered through  higher  beds.  The  following 
analysis  of  a  representative  sample  of  the  rock 
in  which  the  fossils  occur  shows  that  the  rock 
is  an  impure  dolomite. 

Partial  chemical  analysis  of  limestone  from  Sapphire  Canyon. 

[Alfred  A.  Chambers,  analyst.] 

Inaoluble 10.  96 

(Al,  Fe)303 2.89 

CaO 27.43 

MgO 17.88 

The  fossils  are  scales  and  plates  of  fishes. 
The  material  which  I  collected  was  examined 
by  J.  W.  Gidley ,  who  writes : 

I  have  gone  over  your  collection  critically  and  find  only 
Bothriolepis  represented  in  the  lot.  The  material  is  too 
fragmentary  to  be  determined  specifically.  However,  the 
form  represented  appears  to  agree  rather  more  closely  with 
an  Eastern  species,  B.  nilidusy  found  in  the  Catskill 
formation,  than  it  does  with  the  common  western  form, 
B,  canadensis.  This,  however,  is  not  important  for  your 
purpose,  except  that  it  certainly  indicates  Upper  Devo- 
nian. 

So  far  as  I  know,  Bothriolepis  is  characteristic  of  the 
Upper  Devonian  and  is  not  known  to  occur  below  the 
Middle  Devonian. 

In  addition  I  may  state  that  in  the  character  of  the  rock 
and  broken  condition  of  the  fish  remains  your  collection 
is  very  similar  to  the  Catskill  material. 

The  deposits  of  the  type  just  described  can 
therefore  be  assigned  without  question  to  the 
Devonian  Temple  Butte  limestone,  which, 
according  to  Walcott,**  *4s  unmistakably 
marked  by  thin  purplish-colored  layers  of 
fine-grained  sandstone  that  pass  into  calcareous 
sandrock  and  limestone  in  which  cyathophyl- 
loid  corals,  casts  of  brachiopods  and  gastropods, 
and  plates  of  placoganoid  fishes  usually  occur/' 
Fossils  will  probably  be  found  in  other  local- 
ities than  the  one  in  Sapphire  Canyon  when 
systematic  search  is  made  for  them. 

»  Wnlcott,  C.  T).,  Pre-Carb<miferous  strata  in  the  (irand  Canyon  of  the 
Colorado,  Ariz.:  Am.  Jour.  Sti.,  3d  ser.,  vol.  26,  p.  438. 18S3. 


The  deposits  just  described  are  essentially 
similar  wherever  they  are  exposed,  although 
they  may  differ  somewhat  in  lithologic  detail. 
At  Turquoise  Canyon,  for  example,  they 
contain  many  lenses  of  conglomerate,  whereas 
at  many  other  localities  they  may  contain 
Uttle  or  none.  At  some  places  they  may 
contain  no  bright-red  sandstone  or  shale,  and 
at  some  places  little  or  no  limestone  or  dolomite. 
Calcareous  sandrock  characterized  by  gnarly 
or  contorted  bedding,  however,  is  always 
present.  At  Turquoise  and  Sapphire  canyons 
and  at  the  canyons  of  Slate  and  Hermit 
creeks  the  upper  part  of  the  deposits  consists 
wholly  of  gnarly  sandrock,  which  forms  a 
massive,  rather  distinct  bed  from  20  to  25  feet 
thick.  Commonly  the  upper  part  of  this  bed 
extends  over  the  top  of  the  higher  Cambrian 
knolls  to  a  depth  of  5  to  15  feet. 

At  Bass  Canyon  the  massive  dolomite  (sub- 
division A)  at  the  top  of  the  Muav  limestone  is 
overlain  by  75  feet  of  thin-bedded  purplish  to 
white  sandy  limestone  which  is  mottled  in 
places  by  worm  markings  and  contains  a  few 
beds  of  intraformational  conglomerate  similar 
to  that  in  the  Muav  limestone.  This  thin- 
bedded  limestone  contains  no  determinable  fos- 
sils, although  one  bed  contains  obscure  forms 
that  are  probably  cup  corals.  A  detailed 
section  of  the  limestone  is  given  on  pages  32-33. 
The  following  analysis  shows  the  composition 
of  a  sample  of  the  limestone  taken  from  bed 
14,  at  the  base  of  the  section: 

Partial  chemical  analysis  of  limestone  from  bed  14,   Temple 

Butte  limestone, 

{Alfred  A.  Chambers,  analyst.] 

Insoluble 24  41 

(Al,  Fe)20, 1.83 

GaO 22.95 

MgO ' 15.01 

The  rock  is  therefore  an  impure  magnesian 
limestone  or  dolomite.  The  insoluble  impuri- 
ties are  probably  largely  quartzose  sand. 

The  beds  of  sandy  limestone  are  overlain  by  a 
massive  bed  of  brecciated  limestone  (see  p. 
32) ,  which  lies  at  the  base  of  the  Redwall  cliff. 
Both  upper  and  lower  surfaces  of  this  brecciated 
limestone  are  wavy,  but  I  am  not  sure  that 
they  represent  planes  of  erosion.  At  any  rate 
the  brecciated  bed  marks  an  abrupt  change  in 
lithology,  and  I  have  placed  it  at  the  base  of 
the  Mississippian  Redwall. 
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At  most  places  in  Bass  Canyon  the  contact 
between  the  thin-bedded  sandy  liihestone  and 
the  underlying  massive  dolomite  of  the  Muav 
limestone  is  an  even  line,  so  that  the  two  forma- 
tions appear  to  be  conformable.  But  at 
Garnet  Canyon,  3  miles  west  of  Bass  Canyon, 
and  at  Ruby  Canyon,  2  miles  southeast  of 
Bass  Canyon,  the  thin-bedded  sandy  limestone 
is  separated  from  the  Muav  by  a  plain  line  of 
erosion.  (See  fig.  3.)  The  contact  is  therefore 
an  unconformity. 

I  have  assigned  the  75  feet  of  thin-bedded 
sandy  limestone  exposed  at  Bass  Canyon  to  the 
Devonian  Temple  Butte  limestone,  because  at 
Garnet  Canyon  (see  PI.  XX)  similar  beds 
overlie  a  gnarly  purplish  conglomeratic  sand- 
rock  that  resembles  the  deposit  in  which  fish 
remains  occur  in  Sapphire  Canyon  and  are 
overlain  by  other  beds  of  gnarly  conglomeratic 
sandrock  and  red  shale,  so  that  at  Garnet 
Canyon  the  thin-bedded  sandy  limestone  is 
actually  included  within  beds  that  are  litho- 
logically  identical  with  the  known  Temple 
Butte  limestone. 

POSSIBLE  XTNCONFOBMITT  BETWEEN  DEVONIAN 
AND  CABBONIFEBOT7S  SYSTEMS. 

Walcott'*  has  shown  that  at  KAnab  Creek 
the  Redwall  limestone  is  separated  from  imder- 
lying  Devonian  beds  by  a  line  of  erosion,  but  I 
am  imable  confidently  to  trace  this  imconfor- 
mity  in  the  region  between  Garnet  Canyon  and 
Cottonwood  (>eek  and  at  all  places  to  separate 
Devonian  beds  from  the  Redwall  limestone. 

At  Hermit  Creek  the  sequence  of  beds  be- 
tween the  Devonian  Temple  Butte  limestone 
and  the  Redwall  strata  of  known  Mississippian 
age  is  as  follows : 

Section  in  western  slope  of  Cope  Butte ^  near  Hermit  trail. 

(For  profiles  of  section  see  Pis.  XIX  and  XX.] 

Feet. 

Maaedve  gray  magnesian  limestone   of  known 

Mississippian  age  forming  lower  part  of  sheer 

Redwall  cliff 80± 

1.  Alternating  beds  of  gray  magnesian  limestone, 

buff  sandstone,  and  chert;  partly  concealed; 
form  slope 15 

2.  Massive  gray  vesicular  crystalline  magnesian 

limestone;  cavities  contain  coarse  crystals  of 

of  calcite;  forms  cliff 11 

3.  Concealed  beds;  form  slope 6 

4.  Limestone  like  bed  2;  cliff 7 

M  Walcott,  C.  D.,  The  Permian  and  other  Paleotoic  groups  of  the  Ka- 
nab  Valley,  Ariz.:  Am.  Jour.  Sci.,  Sdaer.,  vol  20>  pp.  221-225, 1880. 


Feet 

5.  Band  of  chert  layers;  weathering  black 1 

6.  Limestone  like  bed  2;  cliff 7 

7.  Buff  sandstone  with  bands  of  chert 5 

8.  Limestone  like  bed  2;  cliff 7 

9.  Buff  sandfltone  with  bands  of  chert 2 

10.  Limestone  like  bed  2  but  sandy ;  slope 4 

11.  Sandy  conglomerate  composed  largely  of  frag- 

ments of  calcareous  sandrock;  cliff;  base  of 

bed  uneven,  wavy 1-3 

Gnarly  purplish  and  white  calcareous  sandrock 
of  known  Devonian  age  (Temple  Butte  lime- 
stone) lying  in  hollow  eroded  in  Muav  limp- 
stone;  upper  surface  of  sandrock  uneven, 
wavy;  in  places  exhibits  inequalities  of  3 
feet 14-76 

The  following  analysis  of  a  representative 
sample  of  the  limestone  forming  bed  8  of  the 
foregoing  section  probably  shows  approxi- 
mately the  composition  of  beds  2,  4,  and  6  as 
well,  because  none  of  these  beds  differ  in 
appearance. 

Partial  chemical  analyaia  oflimestone/rom  beds.  Cope  Butte, 

[Alfred  A.  Chambers,  analyst.] 

Inaoluble 0.47 

(Al,Fe),Oa 41 

CaO 31.79 

MgO 19.66 

The  limestone  is  therefore  a  practically  pure 
dolomite,  and  it  is  interesting  to  note  that  the 
chemical  composition  of  this  rock  is  almost  ex- 
actly that  of  the  overlying  limestone,  which 
forms  the  lower  part  of  the  Redwall  cliff  (see 
analysis,  p.  55)  and  from  which,  indeed,  the 
limestone  of  bed  8  is  almost  indistinguishable 
in  appearance,  differing  only  in  the  thickness^ 
of  the  bedding. 

Because  the  limestones  in  the  series  of  beds  1 
to  11  of  the  above  section  are  lithologically 
identical  with  the  beds  at  the  base  of  the  over- 
lying Redwall  limestone  I  have  assigned  the 
series  to  the  Redwall  limestone.  The  litho- 
logic  change  from  these  beds  to  the  gnarly 
sandrock  underlying  them  is  sharp,  and  it  is 
possible  that  the  wavy  line  at  their  base  marks 
an  erosional  unconformity  which  separates  the 
Devonian  from  the  Mississippian.  However,  I 
do  not  wish  unduly  to  emphasize  the  import- 
ance of  the  latter  feature,  because  wavy  sur- 
faces occur  at  many  horizons  in  the  Redwall 
and  Temple  Butte  limestones  and  are  not  neces- 
sarily of  widespread  stratigraphic  significance. 

Massive  beds  of  gray  vesicular  magnesian 
limestone  that  alternate  with  layers  of  sand  or 
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chert  and  are  similar  to  the  series  at  Hermit 
Creek  just  described  are  exposed  at  Turquoise 
Canyon  and  in  the  canyons  of  Slate,  Pipe,  and 
Cottonwood  creeks,  where  I  have  also  assigned 
them  to  the  Redwall  limestone.  (See  PI.  XX.) 
Apparently  the  series  thickens  southeastward 
and  attains  a  thickness  of  more  than  100  feet 
in  the  region  about  Cottonwood  Creek,  but  I 
have  examined  it  in  detail  only  at  Hermit 
Creek.  At  Turquoise  Canyon  and  Slate  Creek 
it  is  underlain  by  15  to  20  feet  of  thin-bedded 
sandy  purplish  and  w^hitish  magnesian  lime- 
stones; those  at  Slate  Creek  I  have  assigned 
tentatively  to  the  Temple  Butte  limestone 
(see  PI.  XX),  because  they  resemble  the  thin- 
bedded  Temple  Butte  limestone  at  Bass  Can- 
yon (see  pp.  51-53) ,  although  it  is  possible  that 
they  belong  at  the  base  of  the  Redwall  lime- 
stone, for  they  are  separated  from  underlying 
gnarly  sandrock  of  Devonian  age  by  a  slightly 
wavy  surface.  At  Bass  Canyon  no  beds  at 
all  resembling  the  massive  vesicular  limestones 
of  Hermit  Creek  appear  below  the  base  of  the 
Redwall  cliff.  The  lithologic  change  from 
typical  Redwall  beds  to  the  thin-bedded  pur- 
plish sandy  limestone  of  the  Devonian  takes 
place  at  a  brecciated  bed  at  the  very  base  of 
the  cliff,  and  the  plane  of  separation,  as  stated 
on  page  53,  may  or  may  not  be  an  unconformity. 
At  Garnet  Canyon  all  beds  above  the  known 
Devonian  are  inaccessible.  An  uneven  surface 
is  exposed  there  at  the  top  of  the  highest 
beds  that  I  could  reach,  but  I  do  not  know 
whether  this  surface  is  an  unconformity  sepa- 
rating Devonian  and  Mississippian  or  only  a 
local  unconformity  in  the  Temple  Butte  lime- 
stone. 

In  brief,  if  an  unconformity  separates  the 
Temple  Butte  limestone  and  the  Redwall  lime- 
stone in  the  region  which  I  have  examined,  it 
is  so  obscure  and  exhibits  so  little  irregularity 
that  it  can  be  detected  only  by  obtaining  deter- 
minable fossils  in  the  strata  within  which  it 
lies.  Certainly  no  surface  of  erosion  exists 
which  is  at  all  comparable  in  irregularity  with 
that  which  separates  the  Tonto  group  from 
overlying  beds. 

CABBONIFEBOT7S  SYSTEM. 

MISSISSIPPIAN    SERIES. 
REDWALL  LIMESTONE  (RESTRICTED). 

Definition, — In  previous  publications  the 
Redwall  limestone  has  been  classified  as  of 
Permsy Iranian  and  Mississippian  age.     As  orig- 


inally defined  by  Gilbert  *^  the  formation  was 
''  named  f rofta  the  red  appearance  of  its  escarp- 
ments on  either  side  of  the  Grand  Canyon"  and 
included  in  its  top  200  to  510  feet  of  alternating 
sandstones  and  limestones  of  "Coal  Measures" 
(Pennsylvanian)  age.  Later  writers  have  also 
included  these  Pennsylvanian  beds  in  the  Red- 
wall,  although  Darton  ^^  in  1910  expressed  the 
belief  that  they  properly  belbnged  to  the  over- 
lying Supai  formation.  In  the  present  report 
these  beds  of  Pennsylvanian  age  are  transferred 
to  the  Supai  formation,  to  which,  by  reason  of 
their  lithology,  age,  and  probable  unconform- 
able contact  with  the  Mississippian  rocks,  they 
seem  more  properly  to  belong.  The  name  Red- 
wall  limestone  is  therefore  here  restricted  to  the 
massive  gray  crystalline  limestones  of  Missis- 
sippian age,  and  this  restricted  definition  has 
been  adopted  by  the  United  States  Geological 
Survey. 

Chardcter. — ^The  Redwall  limestone  as  here 
restricted  consists  almost  wholly  of  bluish-gray 
crystalline  limestone  whose  distinctive  features 
are  massive  appearance,  hardness,  and  rela- 
tively great  thickness.  The  massive  appear- 
ance of  the  limestone  is  due  partly  to  the  thick- 
ness and  homogeneity  of  the  beds  but  chiefly 
to  the  fact  that  the  planes  of  separation  be- 
tween many  beds  are  inconspicuous,  so  that 
when  viewed  from  a  distance  large  parts  of  the 
formation  present  the  appearance  of  a  single 
stratum.  The  hardness  and  thickness  of  the 
limestone  cause  it  to  make  the  sheerest  and 
most  continuous  cliff  in  the  canyon  wall. 

At  Bass  Canyon  the  Redwall  limestone  is 
about  570  feet  thick  and  is  divisible  into  three 
parts  which  differ  in  topographic  expression. 
Subdivision  C,  at  the  base  of  the  formation, 
makes  a  slope  that  unites  with  the  steep  ledgy 
slope  formed  by  the  Temple  Butte  limestone 
(see  p.  32)  and  is  a  bed  of  sandy  breccia  8  feet 
thick  whose  fragments  consist  chiefly  of  gray 
limestone.  It  is  overlain  by  bluish-gray  mas- 
sive crystalline  limestone,  obscurely  bedded  at 
the  base  and  top,  which  makes  a  cliff  approx- 
imately 500  feet  high.  This  cliff-making  lime- 
stone constitutes  subdivision  B.  Subdivision 
A,  at  the  top  of  the  formation,  consists  of  dis- 
tinctly bedded  bluish-gray  crystalline  lime- 
stone which  includes  a  few  thin  partings  of  red 

»o  Gilbert,  G.  K.,  U.  S.  Geog.  and  Geol.  Surveys  W.  100th  Mer.  Kept., 
vol.  3,  pp.  IGl,  102,  177,  178,  ISo,  fig.  82,  1875. 

>^  Darton.  N.  II.,  A  reconnaissance  of  parts  of  northwestern  New 
Mexico  and  northern  Arizona:  U.  8.  Geol.  Survey  Bull.  435,  p.  22,  1910. 
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shale.  This  subdivision,  62  feet  thick,  makes 
a  succession  of  small  cliffs  and  narrow  ledges 
above  the  sheer  cUff  formed  by  subdivision  B. 
The  character  and  succession  of  the  Redwall 
beds  are  described  in  the  sections  given  on  pages 
31-32,  and  the  profiles  of  the  subdivisions  are 
shown  in  the  columnar  section  (PL  XIX). 

Subdivisions  A  and  C  can  not  be  traced 
with  certainty  far  from  Bass  Canyon,  but 
subdivision  B,  the  main  cliff-making  portion 
( f  the  Redwall,  is  constant  in  lithology  and  in 
appearance  and  is  readily  recognizable  every- 
where in  the  Kaibab  division  of  the  Grand 
Canyon.  The  upper  and  lower  portions  of 
the  subdivision  are  obscurely  and  heavily 
bedded,  whereas  the  middle  portion  is  dis- 
tinctly bedded  and  contains  many  thin  layers 
of  chert  and  sand.  Most  beds  in  the  sub- 
division contain  a  few  scattered  nodules  of 
chert,  but  chert  is  conspicuously  abundant 
only  in  the  middle,  distinctly  bedded  portion. 
Many  beds  contain  coarse  crystals  of  calcite, 
some  of  which  line  cavities,  some  of  which 
form  large  irregular  masses  in  the  rock,  and 
some  of  which  form  layers  a  few  inches  to  a 
foot  thick.  Interbedded  layers  of  sandstone 
occur  throughout  the  subdivision  but  are 
numerous  only  in  the  middle  portion.  As  a 
rule  the  sand  is  loosely  cemented  and  exhibits 
gnarly  structure.  Many  beds  rest  on  irregular, 
wavy  surfaces.  In  many  places  the  limestone 
cUff  is  stained  pinkish  or  pale  rose  color  by 
ferritic  pigment  washed  over  it  from  overlying 
red  shales  in  the  Supai  formation.  Unstained 
surfaces  of  the  limestone  commonly  weather 
gray  or  bluish  gray.  Freshly  broken  surfaces 
are  gray,  buff,  or  white. 

The  following  analyses  show  the  compo- 
sition of  representative  samples  of  Umestone 
from  subdivision  B  at  Bass  Canyon.  No.  1 
represents  the  obscurely  bedded  limestone 
(No.  1,  p.  32)  that  forms  the  upper  part  of  the 
subdivision;  No.  2,  the  heavily  bedded  lime- 
stone (No.  3,  p.  32)  that  forms  the  lower  part. 

Partial  chemical  analyses  of  limestone  from  subdirision  B, 

Redwall  limestone, 

[Alfred  A,  Chamber?',  analyst. 


Insoluble.. 
(Al.  Fe)20, 

CaO 

MgO. 


These  analyses  show  that  the  limestone  at 
the  top  of  the  subdivision  is  practically  pure, 
whereas  that  at  the  base  is  magnesian  and  is 
essentially  dolomite.  The  composition  of  the 
limestone  forming  the  middle,  laminated  mem- 
ber of  the  subdivision  was  not  determined  by 
analysis,  but  inasmuch  as  this  limestone 
resembles  that  in  the  overlying  obscurely 
bedded  member  in  appearance  and  effervesces 
freely  with  acid,  it  is  probably  not  magnesian. 
The  limestones  in  subdivision  A  resemble 
those  in  the  upper  part  of  subdivision  B  and 
effervesce  freely  with  acid.  It  would  appear, 
therefore,  that  the  limestone  in  the  whole 
upper  portion  of  the  Redwall  is  comparatively 
pure  and  only  that  in  the  basal  member  of 
subdivision  B  is  magnesian. 

Southeastward  from  Bass  Canyon  subdi- 
vision B  diminishes  gradually  but  steadily  in 
thickness.  At  Bass  Canyon  it  is  approxi- 
mately 500  feet  thick;  at  Hermit  Creek,  13 
miles  southeast  of  Bass  Canyon,  475  feet;  and 
at  Red  Canyon,  16  miles  farther  southeast,  375 
feet.  Red  Canyon  is  4  miles  east  of  Cotton- 
wood Creek.  This  decrease  in  the  thickness 
of  subdivision  B  is  readily  apparent  to  most 
observers  in  the  diminished  height  of  the  Red- 
wall  cliff  when  seen  from  Grandview  or  Desert 
View,  as  contrasted  with  the  height  of  the 
cliff  when  seen  from  the  head  of  the  Hermit 
trail  or  from  Bass  Camp. 

Subdivision  A  as  defined  at  Bass  Canyon  is 
traceable  southeastward  at  least  as  far  as 
Hermit  Creek  (see  columnar  sections,  PI.  XIX), 
but  subdivision  C  is  not  traceable  southeast  of 
Ruby  Canyon,  2  miles  from  Bass  Canyon.  At 
Slate  Creek,  8  miles  southeast  of  Bass  Canyon, 
and  in  the  region  southeast  of  Slate  Creek  (see 
PI.  XX)  subdivision  B  is  underlain  by  a  series 
of  gray  vesicular  magnesian  limestones  and 
interbedded  sandstones  which  make  a  steep 
ledgy  slope  beneath  the  cliff  of  subdivision  B. 
A  section  of  these  alternating  limestones  and 
sandstones  at  Hermit  Creek  is  given  on  page  53. 
This  series,  which  I  have  assigned  to  the  Red- 
wall  limestone  (see  p.  53),  apparently  occupies 
a  lower  horizon  in  the  Redwall  than  subdi- 
vision C,  which  actually  is  probably  a  local  bed 
at  the  base  of  subdivision  B.  The  alternating 
limestones  and  sandstones  thicken  southeast- 
ward, for  they  are  68  feet  thick  at  Hermit  Creek 
and  at  least  130  feet  (estimated)  at  Red  Can- 
yon. I  have  not  measured  them  at  Slate, 
Pipe,  and  Cottonwood  creeks. 
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Thickness. — The  Redwall  limestone  de- 
creases in  thickness  in  the  29  miles  between 
Bass  Canyon  and  Red  Canyon.  It  is  570  feet 
thick  at  Bass  Canyon,  538  feet  at  Hermit 
Creek,  and  a  little  over  500  feet  at  Red  Canyon. 
The  decrease  in  thickness  in  the  formation  as 
a  whole  is  not  so  great  as  the  decrease  in  its 
cliff,  because  the  series  of  alternating  limestones 
and  sandstones  at  the  base  of  the  formation 
increases  in  thickness  southeastward  as  the 
overlying  cliff-making  limestone  diminishes. 
At  Kanab  Creek,  30  miles  northwest  of  Bass 
Canyon,  the  formation  is  a  little  over  700  feet 
thick.     (See  PL  XIX.) 

Fossils. — Fossils  are  scarce  in  the  Redwall 
limestone  at  the  Bass,  Hermit,  and  Bright 
Angel  trails.  Commonly  they  are  poorly 
preserved  and  are  difficult  to  collect  imless 
they  are  weathered  out  of  the  rock.  In  1914 
I  made  small  collections  at  two  localities.  At 
Bass  Canyon  I  obtained  from  the  middle, 
distinctly  bedded  member  (2)  of  subdivision 
B  Fenestella  sp.  and  SchucherteUa  chemungen" 
sis.  This  locality  is  at  the  Bass  trail  near  the 
bottom  of  the  narrow  part  of  Bass  Canyon  in 
the  Redwall. 

In  the  canyon  of  Hermit  Creek  I  obtained 
from  the  same  middle  member  of  subdivi- 
sion B 

Monilipora?  sp. 
Crinoid  etems. 
Fenestella,  several  sp. 
Rhipidomella  sp. 
Camarotoechia  sp. 
Spirifer  centronatus. 
Sjringothyris?  sp. 

The  fossils  were  identified  by  G.  H..  Girty, 
who  writes: 

Although  these  fossils  are  poor  and  constitute  a  very 
small  fauna,  they  indicate  with  but  little  uncertainty  a 
Mississippian  (Madison)  age  and  thus  confirm  previous 
determinations  of  the  age  of  the  lower  and  major  part  of 
the  Redwall  limestone.  It  is  true  that  an  undoubted 
Pennsylvanian  fauna  has  been  cited  by  Meek  from  the 
upper  part  of  the  Redwall  limestone  of  this  general  region, 
but  these  fossils  came  from  beds  that  are  now  being  trans- 
ferred to  the  Supai  formation. 

In  1920  I  collected  fossUs  from  beds  near 
the  top  of  the  Redwall  limestone  at  two  locali- 
ties. 

One  collection,  which  I  labeled  lot  C,  I 
obtained  at  the  very  top  of  the  Redwall 
cliff  in  the  canyon  of  Garden  Creek  directly 
under  El  Tovar.     The   locality   is   about   an 


eighth  of  a  mile  east  of  the  point  where  the 
Bright  Angel  (Cameron)  trail  descends  the 
Redwall  cliff  and  may  be  reached  by  leaving 
the  trail  at  this  point  and  walking  eastward 
along  the  narrow  bench  at  the  sxmamit  of  the 
cliff.  The  fossils  weather  from  the  upper 
surface  of  the  limestone  that  underlies  this 
bench,  and  the  horizon  appears  to  be  equivalent 
to  the  very  top  of  subdivision  B  of  the  Bass 
Canyon  section. 

The  other  collection,  which  I  labeled  lot  A, 
I  obtained  from  bed  5  of  subdivision  A  in 
Bass  Canyon.  (See  p.  31.)  The  locality  is  on 
the  west  side  of  Bass  Canyon  about  a  quarter 
of  a  mile  north  of  the  point  where  the  Bass 
trail  descends  the  break  in  the  Redwall  cliff 
at  the  head  of  the  canyon.  It  may  be  reached 
by  following  the  first  bench  above  the  top 
of  the  sheer  cliff  of  subdivision  B  that  is  wide 
enough  for  a  man  to  walk  upon.  The  f ossilif- 
erous  horizon  is  about  14  feet  above  the  top 
of  the  cliff. 

Regarding  these  two  collections  Mr.  Girty 
writes: 

Jjot  0  contains  an  abundant  fauna,  though  one  showing 
but  little  diversity  and  represented  by  very  unsatisfactory 
specimens.    I  recognize  in  it  the  following  forms: 

Diphyphyllum?  sp.  (probably  the  same  form  shown 

by  better  specimen  in  lot  A). 
Camarotoechia?  n.  sp. 
Spirifer  centronatus. 
Spirifer  aft.  S.  incertus. 
Composita?  sp. 
Bellerophon  sp. 
Euomphalus?  sp. 

Lot  A  contains  Diphyphyllum  (LUhostrotionf)  sp..  Camo" 
roioechiat  (apparently  the  same  form  as  in  lot  C),  and  a 
fucoid. 

These  two  lots  contain  essentially  the  same  fauna  and  are 
of  the  same  geologic  age.  As  between  Pennsylvanian  and 
Mississippian,  I  should  refer  them  with  little  question  to 
the  Mississippian.  As  between  lower  Mississippian  and 
upper  Mississippian — that  is,  as  between  Madison  and 
Brazer — a  definite  conclusion  can  not  be  reached.  So 
few  occurrences  of  upper  Mississippian  rocks  are  known 
in  this  southwestern  region  that  a  general  probability  is 
established  that  these  faunas  belong  to  the  lower  horizon. 
The  facies  of  the  faunas  corresponds  so  far  as  it  goes  with 
the  lower  Mississippian  faunas,  as  we  know  them  now,  but 
the  forms  contained  in  these  collections  are  so  few,  so 
poorly  represented,  and  in  some  cases  so  ambiguous  that 
one  can  not  deny  the  existence  of  a  possibility  that  the 
geologic  age  may  be  upper  Mississippian.  To  state  the 
matter  briefly,  as  I  see  it,  the  evidence  so  far  as  it  goes 
suggests  lower  Mississippian,  but  it  does  not  go  far  enough 
definitely  to  establish  the  lower  Mississippian  age  of  the 
horizon.  My  personal  convictions,  I  may  add,  are  strong 
that  the  age  is  actually  lower  Mississippian. 
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Schuchert,  who  has  collected  fossils  in  the 
Bedwall  at  the  Hermit  trail,  states:  ^ 

The  base  of  the  Redwall  on  the  Hermit  trail  consists  of 
three  thick  beds.  The  upper  one  is  from  10  to  12  feet 
thick,  and  the  lowest  bed  is  8  feet  thick,  of  a  vesicular 
gray  dolomite  with  the  cavities  filled  with  calcite.  The 
upper  bed  has  Syringopora  cf.  surcularia.  Between  these 
two  dolomite  beds  is  a  yellowish-white  sandstone,  4  feet 
thick .» 

The  Redwall  may  be  studied  on  the  Hermit  trail  below 
the  Cathedral  Stairs,  but  the  sequence  can  not  be  made 
out  with  certainty  because  all  of  it  has  slumped  and  slid 
down  in  a  huge  landslide.  The  parts  are  mixed,  and  even 
some  of  the  Supai  is  included  with  blocks  of  the  Redwall. 
One  entire  day  was  devoted  to  collecting  fossils  from  it, 
but  the  results  were  very  unsatiefactory.  Toward  the 
middle  of  the  Redwall  were  seen  sections  of  a  few  corals, 
of  MenoTphyllum  and  Clisiophyllum,  and  a  number  of  cri- 
noidal  columnals,  besides  Spirifer  centronatus.  Of  the  few 
fossils  taken  away  there  is  a  Syringopora  like  S.  surcularia 
Oirty,  Menophyllum  eoccavatum  Girty,  Fenestella  and  Poly- 
pora  in  several  species,  and  a  finely  striate  Spirifer. 

These  fossils  are  seen  to  belong  to  the  same  fauna  as  those 
identified  by  Girty  from  near  Nelson,  Ariz.,  and  collected 
by  W.  T.  Lee.  The  time  indicated  by  them  is  that  of  the 
Madison  limestone  so  widely  distributed  in  the  Rocky 
Mountain  country,  or  of  the  older  half  of  the  MisBissip- 
pian  of  the  MisBissippi  Valley. 

In  1879  Walcott  collected  fossils  at  Kanab 
Creek  at  many  horizons  in  beds  which  he 
designated  subdivision^  b  and  c  of  the  Redwall 
limestone.  (See  PI.  XIX.)  These  two  sub- 
divisions and  the  underlying  subdivision  d  of 
Walcott's  section  correspond  closely  in  lithology 
with  the  Redwall  of  my  Bass  Canyon  section 
and  constitute  the  Redwall  as  it  is  here  rede- 
fined. Subdivision  a,  at  the  top  of  Walcott's 
Redwall  at  Kanab  Creek,  corresponds  in 
lithology  to  my  subdivision  C  of  the  Supai 
formation  at  Bass  Canyon  and  imdoubtedly 
properly  belongs  in  the  Supai.     (See  p.  62.) 

These  collections  from  subdivisions  b  and  c 
at  Kanab  Creek  were  never  worked  up  in  detail 
by  Walcott  and  in  the  course  of  time  have  be- 
come badly  mixed  with  collections  made  from 
other  Carboniferous  beds  in  the  general  region. 
However,  Mr.  Girty,  who  has  examined  the 
material,  makes  the  following  statement  con- 
cerning as  much  of  it  as  he  is  able  to  assign  to 
the  collections  from  b  and  c: 

The  faunas  are  much  more  extensive  and  conclusive 
than  the  one  contained  in  your  lots  A  and  C,  and  I  refer 
them  without  hesitation  to  the  lower  Mississippian,  to  that 
widespread  limestone  formation  which  has  commonly  been 

•«  Schuchert.  Charles,  op.  cit.,  pp.  3r>0-3()l. 

^  The  three  dolomite  beds  d&^cTibed  by  Schuchert  are  probably  beds 
2.  4  to  6,  and  8  of  my  section  at  Cope  Butte  given  on  page  53.— L.  F.  N. 


called  the  Madison  limestone  but  which  in  New  Mexico 
has  received  the  name  Lake  Valley  limestone.  I  do  not 
myself  feel  in  doubt,  although  the  evidence  is  not  entirely 
conclusive/  that  the  entire  Redwall  limestone,  so  far  as  it 
is  embraced  within  the  horizons  represented  by  your 
collections  A  and  C  and  by  Mr.  Walcott 's  collections  from 
Kanab  Canyon,  is  of  lower  Miaaissippian  age  and  belongs 
in  a  general  alinement  with  the  Madison  limestone. 

The  type  locality  of  the  Redwall  limestone 
selected  by  Darton  **  is  Redwall  Canyon,  in  the 
Shinnmo  Amphitheater,  only  4  miles  north  of 
Bass  Canyon.  The  section  at  Bass  Canyon, 
given  in  the  present  report,  is  so  near  Redwall 
Canyon  that  it  may  be  assumed  practically  to 
represent  the  formation  at  the  type  locality. 
The  evidence  just  presented  indicates  that  at 
the  type  locality  the  entire  Redwall  as  here 
restricted  is  of  lower  Mississippian  age,  although 
it  is  conceivable,  but  highly  improbable,  as 
Girty  states,  that  the  beds  at  the  top  of  the 
formation  in  which  I  found  fossils  may  be  upper 
Mississippian. 

No  evidence  has  been  found  which  indicates 
that  any  part  of  the  Redwall  as  here  recognized 
in  the  Kaibab  division  of  the  Grand  Canyon  is 
yoimger  than  Mississippian. 

Ransome,^  who  has  examined  the  Redwall 
in  the  Jerome  region,  where  he  collected  fossils 
in  it  that  Girty  identified  as  lower  Mississip- 
pian, states:  "No  evidence  was  obtained  at 
Jerome  to  indicate  that  any  of  the  Redwall 
limestone  is  as  young  as  the  Pennsylvanian.'' 
In  the  Jerome  region  the  beds  assigned  to  the 
Redwall  aggregate  only  250  feet  and  probably 
belong  to  the  lower  part  of  the  formation. 

PROBABLE     UNCONFORMITY     BETWEEN     MISSIS- 
SIPPIAN AND  PENN8YLVANIAN  SERIES. 

The  top  of  the  Redwall  limestone  is  very 
difficult  to  reach,  except  at  places  near  the 
trails  that  descend  the  canyon  wall,  and  I  have 
so  far  been  able  to  examine  it  only  at  the  Bass 
trail,  at  the  trail  which  ascends  the  northern 
wall  of  the  Grand  Canyon  through  Muav 
Canyon,  and  at  the  Hermit,  Bright  Angel,  and 
Hance  (Red  Canyon)  trails.  Viewed  from  a 
distance  it  appears  to  exhibit  no  irregularity 
at  most  places  in  the  Kaibab  division  of  the 
canyon. 

At  Bass  Canyon  the  contact  between  the 
typical  bluish-gray  limestone  of  the  Redwall 

*<  Darton,  N .  H.,  A  reconnaissance  of  parts  of  northwestern  New 
Mexico  and  northern  Arizona:  U.  S.  Oeol.  Survey  Bull.  435,  p.  21, 1910. 

**  Ransome,  F.  L.,  Some  Paleozoic  sections  in  Arizona  and  their 
correlation:  U.  8.  Geol.  Survey  Prof.  Paper  98,  p.  162,  1916. 
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and  the  red  shale  at  the  base  of  the  overlying 
Supai  appears  to  be  remarkably  even,  and  the 
only  evidence  of  a  stratigraphic  break  is  the 
abrupt  change  from  limestone  to  shale.  How- 
ever, actual  exposures  of  the  contact  are  not 
to  be  found,  owang  to  the  softness  of  the  shale, 
which  makes  a  slope  at  this  horizon  that  is 
entirely  concealed  by  talus. 

At  Muav  Canyon  the  surface  of  the  RedwaU 
is  uneven,  but  the  bods  are  shattered  along  the 
axis  of  a  faulted  flexure,  so  that  it  is  uncertain 
whether  the  unevermess  is  due  to  shattering  or 
to  erosion. 

At  the  Hermit,  Bright  Angel  (Cameron) ,  and 
Hance  trails  the  appearance  of  the  top  of  the 
Redwall  suggests  that  it  was  exposed  to  erosion 
before  the  overlying  Supai  beds  were  de- 
posited, as  I  shall  show. 

Near  the  Hermit  trail,  just  south  of  the 
point  where  the  trail  descends  the  Redwall, 
the  upper  surface  of  the  Redwall  limestone  is 
decidedly  uneven,  and  in  places  jagged  knolls 
of  the  limestone  project  25  feet  or  more  above 
the  general  level  of  the  surface.  At  this 
locality  the  basal  deposit  of  the  Supai  is  a 
bright  reddish  or  purplish  sandy  shale.  Some 
parts  of  the  shale  exhibit  no  bedded  structure 
whatever;  other  parts  exhibit  gnarly,  irregular 
bedding  and  are  more  or  less  concretionary, 
whereas  still  other  parts  are  evenly  and  thinly 
bedded.  Thin  lenses  of  conglomerate  occur  at 
some  horizons  m  the  shale.  The  pebbles  in  the 
conglomerate  are  well  r«  imded  and  are  coated 
with  black  ''desert  vimish."  Most  of  them 
are  composed  of  chert,  derived,  apparently, 
from  the  underlying  limestone.  The  shale 
varies  considerably  in  thickness  from  place  to 
place.  Above  the  tops  of  the  higher  limestone 
knolls  the  thickness  may  not  exceed  45  feet, 
but  between  the  knolls,  where  the  deposit  ap- 
pears to  fill  depressions,  the  thickness  may 
exceed  70  feet.  The  deposit  becomes  more 
evenly  bedded  toward  the  top,  and  the  upper 
21  feet  consists  of  thinly  laminated  soft  red- 
dish shale.  Above  this  shale  are  alternating 
beds  of  red  sandy  shale,  purplish  and  gray  lime- 
stone containing  red  chert,  and  reddish  to  buff 
calcareous  sandstone.  The  thickness  of  these 
alternating  beds  is  132  feet.  The  section  just 
described,  202  feet  in  total  thickness,  is  shown 
diagrammatically  on  Plate  XIX.  The  beds 
are  imdoubtedly  equivalent  to  subdivision  C 
of  the  Supai  at  the  Bass  trail.      (See  p.  61.) 


The  upper  surface  of  the  Redwall  limestone  is 
infiltrated  with  red  mud,  and  the  overlying 
irregularly  bedded,  more  or  less  structureless 
red  shale  appears  to  represent  just  such  a  de- 
posit of  red  clay  as  one  would  expect  to  find 
above  a  weathered  limestone  surface.  It  is 
possible  that  the  roughness  of  the  top  of  the 
Redwall  is  due  to  shattering  of  the  beds  in  this 
locality,  because  the  formation  has  slumped  in  a 
landslide  at  the  point  where  the  trail  descends 
it.  For  this  reason  the  evidence  just  presented 
should  be  regarded  as  inconclusive.  Never- 
theless the  lithologic  change  from  the  massive 
limestone  of  the  Redwall  to  the  structureless 
red  deposit  above  it  is  so  sharp  that  it  indicates 
a  stratigraphic  break  at  this  horizon,  and  the 
variation  in  thickness  of  the  red  shale  is  also 
suggestive.  The  bed  is  72  feet  thick  at  the 
Hermit  trail,  whereas  the  shale  at  the  corre- 
sponding horizon  in  Bass  Canyon  is  not  over  14 
feet  thick.     (See  p.  31;  also  PI.  XIX.) 

At  the  Bright  Angel  (Cameron)  trail  the 
summit  of  the  Redwall  is  irregular,  but  here 
also  the  evidence  is  inconclusive,  because  the 
Redwall  is  shattered  by  a  fault  in  the  vicinity 
of  the  trail. 

At  Red  Canyon  the  summit  of  the  RedwaU 
is  well  exposed  near  the  4,955-foot  bench 
mark,  where  the  Hance  trail  descends  the 
Redwall  on  the  east  side  of  the  canyon.  This 
locality  is  some  distance  east  of  a  fault  that 
coincides  with  the  axis  of  Red  Canyon,  so  that 
the  beds  here  have  not  been  disturbed  by  the 
fault.  Near  the  bench  mark  the  surface  of  the 
Redwall  is  wavy,  and  the  limestone  is  more  or 
less  infiltrated  •  with  red  mud,  but  the  best 
evidence  of  a  stratigraphic  break  at  the  top  of 
the  limestone  is  found  in  the  lithologic  char- 
acter of  the  overlying  Supai  beds.  The  Supai 
begins  abruptly  with  a  bed  of  conglomerate, 
which  exhibits  great  variations  in  thickness. 
At  one  place  it  is  20  feet  thick,  at  many  places 
5  to  10  feet  thick,  and  at  some  places  entirely 
absent.  The  conglomerate  contains  both  angu- 
lar and  rounded  pebbles  of  chert  and  lime- 
stone, derived,  apparently,  from  the  underlying 
Redwall.  The  pebbles  range  in  diameter  from 
a  fraction  of  an  inch  to  6  inches  but  average 
about  half  an  inch.  The  conglomerate  is 
gravelly  and  contains  very  little  matrix. 
Where  present  the  matrix  consists  of  red  sandy 
clay.  Where  the  conglomerate  is  thickest  it 
appears  to  fill  shallow  depressions  in  the  Red- 
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wall.  Above  the  conglomerate  is  100  feet  of 
red  friable  sandy  shale  that  is  more  or  less 
calcareous  and  in  places  exhibits  concretionary 
structure,  and  above  the  shale  are  alternating 
beds  of  shale,  limestone  containing  red  chert, 
and  calcareous  sandstone,  some  of  which  is 
cross-bedded.  The  conglomerate,  red  shale, 
and  overlying  alternating  beds  just  described 
are  imdoubtedly  equivalent  to  subdivision  C 
of  the  Supai  as  exposed  at  the  Hermit  and 
Bass  trails. 

Walcott,'*  in  describing  the  upper  part  of  the 
Redwall  at  Kanab  Creek,  states: 

Toward  the  close  of  the  700  feet  of  limestone  and  its 
intercalated  cherty  hands  evidences  of  an  approaching 
change  occur.  The  horizontal  bedding  is  broken  by 
gradually  increasing  curves  of  depression  and  elevation 
of  the  previously  level  surface.  The  limestone  becomes 
more  and  more  interstratified  with  white  chert,  weathering 
black.  Arenaceous  layers  of  a  detrital  origin  come  in ,  with 
pink  chert  and  chalcedony  replacing  the  white  chert  of 
the  beds  beneath. 

Massive  layers  of  brecciated  chert  in  a  quartzitic  matrix 
denote  the  increasing  change  of  conditions,  and  soon  the 
sandstone  epoch  of  the  Lower  Aubrey  group  opens.  The 
transition  beds  (a)  have  filled  the  hollows  and  leveled  off 
the  uneven  surface  of  the  limestone  beneath,  and,  255  feet 
above,  the  great  sandstone  group  b^;ins  with  a  massive 
omRs-bedded  sandstone  stratiun  (e),  50  feet  in  thickness. 

The  transition  beds  to  which  Walcott  refers 
are  the  beds  that  constitute  subdivision  a  of 
his  Redwall  at  Eanab  Creek  (see  PL  XIX), 
which  is  now  transferred  to  the  Supai  (see  p. 
62).  Therefore  the  uneven  surface  which  he 
describes  actually  lies  at  the  top  of  the  Redwall 
limestone  as  here  restricted,  and  the  horizon 
occupied  by  the  uneven  surface  is  equivalent  to 
that  at  the  Hermit,  Bright  Angel  (Cameron), 
and  Hance  trails  which  I  have  just  described. 

Schuchert,'^  who  has  examined  the  Redwall- 
Supai  contact  on  the  Hermit  trail,  writes: 

The  contact  may  be  studied  just  beneath  the  signpost 
"Cathedral  Stairs"  that  stands  on  Supai  strata.  It  is  of 
the  disconformable  type,  and  the  Redwall  is  more  or  less 
eroded.  Where  the  contact  was  studied  this  limestone- 
dolomite  series  terminates  in  thin-bedded  deposits,  with 
the  beds  varying  in  thickness  from  12  to  20  inches.  The 
Supai  begins  at  once  with  its  characteristic  sandy  and 
rain-pitted  shales  and  muddy  sandstones.  This  discon- 
formity  has  far  greater  significance  than  the  physical  phe- 
nomena as  seen  on  the  Hermit  trail  would  seem  to  indicate^ 

••  Walcott,  CD.,  unpublished  notes. 
"  Schuchert,  Charles,  op.  cit.,  p.  358. 


for  the  fossils  of  the  Redwall  are  here  all  of  early  Mississip- 
pian  age.  Nothing  of  later  l^fississippian  time  is  present, 
and  the  land  interval  preceding  Supai  deposition  was  cer- 
tainly longer  than  all  of  Redwall  time. 

Ransome  **  reports  that  8  miles  north  of 
Jerome  what  he  regards  as  the  base  of  the 
Supai  is  a  limestone  conglomerate  2  to  3  feet 
thick  in  which  the  pebbles  are  generally  less 
than  2  inches  in  diameter.  He  states  that 
layers  of  a  similar  conglomerate  also  occur  a 
Uttle  higher  in  the  formation. 

In  brief,  although  the  evidence  just  pre- 
sented is  inconclusive,  it  establishes  a  strong 
probability  that  the  upper  limit  of  the  Redwall 
is  an  unconformity  of  erosion. 

PENNSYLVANIAN   AND  PERMIAN  (?)  BOOKS. 
SUPAI  FORMATIOH  (RSDEFINBD). 

Definition. — ^As  originally  defined  by  Dar- 
ton  *•  the  name  Supai  formation  was  applied  to 
about  800  feet  of  red  sandstones  and  shales,  the 
latter  in  part  sandy,  underlying  the  Coconino 
sandstone,  overlying  the  Redwall  limestone, 
and  composing  the  lower  part  of  the  Aubrey 
group  in  northern  Arizona.  Darton's  Redwall 
limestone,  like  Gilbert's  and  Walcott's  Red- 
wall,  included  rocks  of  Mississippian  and  Penn- 
sylvanian  age.  In  this  report  the  Supai  for- 
mation is  redefined  by  cutting  off  at  the  top 
about  300  feet  of  deep  brick-red  sandy  shale 
and  fine-grained  friable  sandstone  of  Permian 
age,  to  which  the  new  name  Hermit  shale  is 
herein  applied,  and  by  adding  at  the  bottom 
about  250  feet  of  red  sandy  shale,  purplish  and 
gray  limestone  with  red  chert,  and  reddish  to 
buff  calcareous  sandstone  of  Pennsylvanian  age 
that  have  heretofore  been  included  in  the  Red- 
wall  limestone.  This  redefinition  of  the  Supai 
formation  has  been  adopted  by  the  United 
States  Geological  Survey.  As  thus  defined  the 
Supai  formation  is  of  Pennsylvanian  and  Per- 
mian (?)  age  and  rests  with  probable  uncon- 
formity on  the  underlying  Mississippian  Red- 
wall  limestone.  The  accompanying  table 
shows  the  different  classifications  of  the  Car- 
boniferous rocks  of  the  Grand  Canyon. 

M  Ransome,  F.  L.,  op.  cit.,  p.  102. 

**  DartoD,  N.  H.,  A  recoxmaissance  of  parts  of  northwestern  New 
Me'cico  and  northern  Arizona:  U.  S.  Geol.  6iir\'ey  Bull.  435,  pp.  25-77, 
1910. 
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Clasgifications  of  the  Carboniferous  rocks  of  the  Grand  Canyon. 


0.  K.  Gilbert,  1875. 

(XT.  S.  Oeog.  and  Geol.  Surveys   W.  100th   Mer. 

Bept.,  vol.  3,  pp.  161-186,  fig.  82.) 

C.D.Waloott,lS«0. 
(Am.    Jour.    Sci., 

3d  ser.,  vol.  20, 

pp.  221-225.) 

N.H.Darton,W10. 

(U.S.Qeol.  Survey 

Bull.  435.) 

L.  F.  Noble,  1922. 
(This  report.) 

Age. 

Cherty  limeHtone,  200- 
820  feet. 

Upper  Aubrey. 

Kaibab     lime- 
stone. 

Kaibab  limestone. 

Aubrey  group. 

OoflB-bedded  and  other 
sandstones,  300-1,000 
feet. 

Lower  Aubrey. 

Coconino  sand- 
stone. 

Coconino  sandstone. 

Pennian. 

Red  and  white  shales 
and  sandstones,   800 
feet. 

Supai  forma- 
tion. 

Hermit  shale. 

Supai  formation  (re- 
defined). 

-Unconformity  (?)— 

Redwall  limestone 
(restricted  to  Mis- 
aiflaippian    lime- 
stones). 

Alternating  sandstones 
and    compact    lime- 
stones, 200-500  feet. 

Kedwall  lime- 
stone. 

Redwall  lime- 
stone. 

Permian  (?)  and 
Pennsylva- 
nian. 

Redwall     lime- 
stone group. 

Redwall        limestone, 
sheer  escarpment,  800 
feet. 

Limestones  in  lesser  es- 
carpments   and    cal- 
carepus  shales,   800- 
1,365  feet. 

MisBisBippiaa. 

Character  of  beds. — ^The  Supai  formation  as 
here  redefined  consists  chiefly  of  sandstone  hut 
includes  many  heds  of  sandy  shale  and  a  few 
heds  of  limestone.  Much  of  the  sandstone  is  in 
thick,  massive  heds  that  make  strong  cliffs. 
The  shales  and  heds  of  laminated  sandstone 
make  slopes.  As  seen  from  a  distance,  the  dis- 
tinctive featured  of  the  formation  are  its  pre- 
vailingly red  color  and  its  steplike  profile,  which 
consists  of  a  succession  of  cliffs  and  slopes 
carved  from  the  alternating  hard  and  soft  beds. 
Close  inspection  shows  that  the  red  color  of  the 
formation  is  derived  from  the  shales.  The 
outcrops  of  the  sandstones  are  stained  reddish 
by  ferritic  pigment  washed  over  them  from  the 
interbedded  shales,  but  the  natural  color  of  the 
sandstones,  as  shown  on  freshly  broken  sur- 
faces, is  buff  or  pinkish  buff. 

The  sandstones  of  the  Supai  are  uniformly 
fine  grained.  Some  of  them  are  regularly 
bedded  and  exhibit  thin,  platy  lamination,  but 
most  of  them  are  conspicuously  cross-bedded, 
and  in  the  thicker  layers  the  cross-bedded  struc- 
ture  is'  on  a  coarse  scale.  In  uniform  fineness 
of  grain  and  in  coarseness  of  cross-bedding  the 
more  massive  layers  resemble   the   Coconino 


sandstone.  Conmionly,  however,  their  grains 
are  bound  together  by  calcareous  cement, 
whereas  the  binding  material  in  the  Coconino  is 
sihceous.  Curiously,  the  prevailing  dip  of  the 
inclined  laminae  in  the  cross-bedded  sandstones 
of  the  Supai  is  south,  just  as  it  is  in  the  Coco- 
nino. Most  of  the  shale  in  the  Supai  resembles 
that  of  the  overlying  Hermit  shale  and  is 
essentially  a  red  sandy  mud.  Some  beds  ex- 
hibit sun  cracks  and  ripple  marks,  but  these 
features  are  not  conspicuous  at  the  Bass  trail. 
Two  types  of  limestone  occur  in  the  Supai* 
One  type,  which  is  clearly  of  detrital  origin, 
consists  of  grains  of  calcareous  sand,  exhibits 
faint  cross-bedded  structure  on  weathered  sur- 
faces, and  in  places  passes  into  cross-bedded 
sandstone.  Some  beds  of  this  type  are  crystal- 
line, and  others  granular;  most  of  them  are 
pinkish  buff.  The  other  type  of  limestone  is 
bluish  or  purplish  gray,  massive,  and  crystal- 
line and  contains  nodules  of  red  chert.  Beds 
of  this  type  occur  only  in  the  lower  third  of  the 
Supai.  Many  of  them  resemble  the  limestone 
in  the  underlying  Redwall. 

Suhdiinsions. — At  Bass  Canyon  I  have  divided 
the  Supai  into  three  members,  which  in  lithol- 
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ogy  and  in  topographic  expression  are  suffi- 
ciently constant  to  be  recognizable  throughout 
the  Kaibab  division  of  the  Grand  Canyon. 
These  members  I  have  designated  subdivisions 
A,  B,  and  C. 

Near  the  top  and  just  below  the  middle  of  the 
Supai  the  cross-bedded  sandstones  are  excep- 
tionally thick  and  massive  and  make  strong, 
conspicuous  cliffs.  Between  these  two  sets  of 
cliffs  and  below  them  the  strata  make  steep 
ledgy  slopes.  The  strata  that  make  the  upper 
set  of  cUffs  constitute  subdivision  A;  those  that 
make  the  lower  set  of  cliffs  and  the  ledgy  slope 
above  the  cliffs  constitute  subdivision  B;  and 
those  that  make  the  slope  at  the  base  of  the 
Supai  constitute  subdivision  C. 

Subdivision  A  consists  chiefly  of  sandstone 
but  includes  a  few  beds  of  sandy  shale;  sub- 
division B  consists  chiefly  of  sandstone  but 
includes  beds  of  sandy  shale  and  a  few  beds  of 
limestone;  and  subdivision  C  consists  of  sand- 
stone, shale,  and  limestone  in  about  equal 
proportions.  Broadly,  therefore,  although  the 
Supai  consists  chiefly  of  sandstone,  it  exhibits 
a  passage  upward  from  shale  and  limestone  to 
sandstone. 

Subdivisions  A  and  B  rest  on  slightly  wavy 
surfaces  at  Bass  Canyon.  However,  similar 
wavy  surfaces  occur  at  other  horizons  in  the 
Supai  (see  sections  of  subdivisions  B  and  C, 
pp.  29-31),  and  some  of  these  surfaces  are  more 
irregular  than  those  at  the  base  of  subdi- 
visions A  and  B.  Without  further  study  it  is 
impossible  to  determine  whether  any  of  them 
have  widespread  stratigraphic  significance. 

The  order,  character,  and  thickness  of  the 
strata  that  constitute  the  three  subdivisions 
just  outlined  are  described  in  the  section  of  the 
Supai  given  on  pages  29-31,  and  the  topo- 
graphic profile  of  the  beds  is  shown  in  the 
columnar  section,  Plate  XIX. 

Subdivision  C,  at  the  base  of  the  Supai,  208 
feet  thick,  begins  at  the  bottom  with  alter- 
nating beds  of  red  sandy  shale  and  bluish-gray 
limestone  carrying  nodules  of  red  chert,  and 
the  shales  and  limestones  pass  upward  into 
alternating  beds  of  red  shale,  bluish-gray 
limestone,  and  reddish  to  buff  calcareous  sand- 
stone, a  part  of  which  is  cross-bedded.  The 
Umestones  and  harder  sandstones  form  small 
chffs,  and  the  shales  and  softer  sandstones 
form  slopes.  Outcrops  of  many  softer  beds 
are  concealed  by  talus.     The  contact  between 
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this  subdivision  and  the  underlying  Redwall 
limestone  is  described  on  pages  57-59,  where 
I  have  presented  evidence  indicating  that  it  is 
a  plane  of  unconformity  by  erosion. 

Subdivision  B,  the  middle  member  of  the 
Supai,  439  feet  thick,  begins  at  the  base  with 
heavy,  cliff-making  beds  of  buff  cross-bedded 
sandstone,  200  feet  in  aggregate  thickness, 
which  are  separated  by  thin  layers  of  limestone 
or  red  shale.  These  massive  sandstones  pass 
upward  into  alternating  beds  of  red  friable 
shaly  sandstone  and  cross-bedded  calcareous 
sandstone  that  contain  thin  interbedded  layers 
of  limestone  and,  66  feet  below  the  top  of  the 
subdivision,  a  prominent  bed  of  limestone 
conglomerate  28  feet  thick.  This  conglome- 
rate (see  p.  30),  which  occurs  in  highly  lentic- 
ular layers  and  consists  chiefly  of  rounded  peb- 
bles of  limestone  embedded  in  a  matrix  of  red 
sandy  mud,  appears  to  be  continuously  trace- 
able not  only  through  the  Kaibab  division  of  the 
canyon  but  far  beyond.  I  have  noted  it  on  the 
Bright  Angel  (Cameron)  and  Tanner  trails, 
respectively  18  and  32  miles  southeast  of  Bass 
Canyon,  and  in  the  Aubrey  Cliff,  near  Seligman, 
70  miles  southwest  of  Bass  Canyon.  At  all 
these  localities  the  conglomerate  occupies 
approximately  the  same  horizon  in  the  Supai 
that  it  does  at  Bass  Canyon.  At  the  Bass  trail 
and  the  Bright  Angel  trail  it  rests  on  an  uneven 
surface  which  exhibits  vertical  irregularities 
of  several  feet  within  horizontal  distances  of 
100  feet.  It  is  conceivable  that  the  conglom- 
erate marks  a  stratigraphic  break  in  the  Supai 
that  is  more  significant  than  the  contact  be- 
tween subdivisions  A  and  B. 

Near  Pine,  in  the  Jerome  region,  Ransome  ^ 
has  noted  a  bed  of  limestone  conglomerate  in 
what  he  regards  as  the  Supai  at  a  horizon 
about  450  feet  above  the  base  of  the  formation. 
The  conglomerate  is  12  feet  thick  and  overlies 
a  seam  of  impure  lignite. 

Subdivision  A,  at  the  top  of  the  Supai,  306 
feet  thick,  begins  at  the  base  with  massive  beds 
of  pinkish,  purplish,  or  buff  cross-bedded  sand- 
stone which  form  a  set  of  cliffs  nearly  200  feet 
in  height.  Above  these  sandstones  are  alter- 
nating beds  of  soft  red  platy  sandstone  and 
hard  buff  cross-bedded  sandstone  which  form 
a  series  of  cliffs  and  slopes. 

At  the  top  of  subdivision  A  is  a  broad  red 
platform  known  as  the  Esplanade,  which  begins 

^  Ransome,  F.  L.,  op.  cit.,  p.  160. 
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at  Bass  Canyon  and  extends  far  westward  in 
the  interior  of  the  Grand  Canyon.  I  have 
described  this  platform  in  a  previous  report  ^ 
and  have  shown  that,  like  every  other  ledge 
in  the  canyon  wall,  it  is  a  structural  bench 
determined  by  the  hardness  of  the  beds  that 
underlie  it  and  the  softness  of  the  beds  that 
overlie  it,  and  that  it  does  not  necessarily,  as 
Dutton  supposed,**  represent  a  temporary  base- 
level  of  erosion  produced  by  a  pause  in  the 
uplift  of  the  region  during  the  cutting  of  the 
Grand  Canyon.  West  of  Bass  Canyon  the 
f^splanade  is  so  broad  that  it  is  by  far  the  most 
striking  feature  in  the  canyon  landscape. 
East  of  Bass  Canyon  it  shrinks  to  a  narrow 
ledge  and  is  inconspicuous  as  a  topographic 
feature  but  is  nevertheless  traceable  contin- 
uously through  the  Kaibab  division.  Inas- 
much as  this  bench  is  cut  on  the  summit  beds 
of  the  Supai  it  constitute  a  landmark  that 
enables  the  observer  everywhere  to  distinguish 
the  Supai  formation  froiri  the  overlying  Hermit 
shale.  In  the  region  between  Bass  Canyon  and 
the  Hermit  trail  it  marks  a  conspicuous  uncon- 
formity between  the  Supai  formation  and  the 
Hermit  shale.     (See  pp.  63-64.) 

Fossils. — ^No  determinable  fossils  have  been 
found  in  the  Supai  formation  in  the  Kaibab 
division  of  the  Grand  Canyon.  The  available 
evidence  concerning  its  age  may  be  summed 
up  as  follows : 

Subdivision  a  of  Walcott's  Redwall  at  Kahab 
Creek  (see  PL  XIX),  '^  arenaceous  beds  with 
pink  chert  passing  down  into  shaly  limestone, 
brecciated  arenaceous  cherty  beds,  and  gray 
limestone  with  red  chert,"  not  only  corresponds 
closely  with  subdivision  C  of  the  Supai  as  I 
have  defined  the  formation  at  Bass  Canyon 
but  is  overlain  at  Kanab  Creek  by  massive 
cross-bedded  sandstone  (subdivision  e  of  Wal- 
cott^s  ** Lower  Aubrey  group")  that  corre- 
sponds to  the  massive  sandstone  at  the  base 
of  subdivision  B  of  the  Supai  at  Bass  Canyon 
and  is  underlain  at  Kanab  Creek  by  massive 
limestone  which  is  obviously  equivalent  to  the 
upper  part  of  the  Redwall  as  defined  at  Bass 
Canyon.  Therefore  there  can  be  no  reason- 
able doubt  that  subdivision  a  of  Walcott's 
Redwall  is  subdivision  C  of  the  Supai  as  here 

"  Noble,  L.  F.,  U.  S.  Oeol.  Survey  Bull.  549,  pp.  21,  7^75, 1914. 
«  Dutton,  C.  E.,  Tertiary  history  of  the  Grand  Canyon  district:  U.  8. 
Geol.  Survey  Mon.  2,  p.  121, 1882. 


redefined.  Subdivision  a  of  Walcott's  Red- 
wall  is  division  5  of  Gilbert's  Paleozoic  section 
at  Kanab  Creek,  "  purple  and  white  arenaceous 
limestone  with  pink  chert,  in  one  bed  passing 
into  cross-bedded  sandstone. ' '  Walcott  **  states 
that  although  at  Kanab  Creek  he  obtained  no 
fossils  from  these  beds  nor  from  any  part  of  the 
overlying  sandstones,  "  the  beds  elsewhere  have 
given  evidence  of  their  upper  Carboniferous 
age  by  the  presence  of  a  fauna  rich  in  many 
species."  This  fauna  is  the  Pennsylvanian 
fauna  described  by  Meek  and  listed  by  Gilbert,*^ 
who  says  concerning  it:  *'  The  fauna  of  the  ui>- 
per  portion  [of  the  Redwall]  is  rich  in  species 
and,  while  differing  from  that  of  the  Aubrey 
limestone,  is  equally  referable  to  the  Coal  Meas- 
ures." By  the  '*  upper  portion  of  the  Redwall " 
Gilbert  means  not  the  upper  portion  of  the 
Redwall  as  the  formation  is  here  restricted, 
but  the  beds  that  constitute  division  5  of  his 
section  at  Kanab  Creek^  and  division  4  of  his 
section  at  the  mouth  of  the  Grand  Canyon,** 
which  are  equivalent  to  the  lower  part  of  the 
Supai  as  here  defined.  Recently  Longwell^ 
has  found  Pennsylvanian  fossils  in  the  Grand 
Wash  Cliffs  north  of  the  mouth  of  the  Grand 
Canyon  *^  near  the  top  of  beds  which  apparently 
correspond  to  Noble's  basal  Supai  in  the  Grand 
Canyon." 

The  evidence  just  presented  indicates  that 
subdivision  C,  at  least,  of  the  Supai  is  of 
Pennsylvanian  age.  The  Supai  is  overlain  by 
the  Hermit  shale,  which  contains  Permian  fossils, 
and  the  two  formations  are  separated  by  an 
imconformity  of  erosion,  but  inasmuch  as  no 
determinable  fossils  have  been  found  in  sub- 
divisions A  and  B  of  the  Supai  there  is  no 
conclusive  evidence  that  the  unconformity 
separates  Pennsylvanian  and  Permian  beds. 
Therefore  the  Pennsylvanian-Permian  contact 
may  lie  at  any  horizon  in  the  Supai  between 
the  summit  of  the  formation  and  the  base  of 
subdivision  B.  However,  no  stratigraphic 
break  as  great  as  the  unconformity  at  the  base 
of  the  Hermit  shale  appears  to  occur  within 
the  Supai  itself,  so  I  am  inclined  to  regard  the 
entire  Supai  as  probably  of  Pennsylvanian  age. 

<*  Walcott,  C.  D.,  unpublished  notes. 

*•  OUbert,  G.  K.,  U.  S.  Geog.  and  Geol.  Surveys  W.  100th  Mer.  Rept.. 
vol.  3,  pt.  1;  p.  178,  1875. 

« Idem,  p.  162. 

M  Longwell,  C.  R.,  Geology  of  the  Muddy  Mountains,  Nev.,  with  a 
section  to  the  Grand  Wash  Cliffs  in  western  Arisona:  Am.  Jour.  Sci., 
4th  ser.,  vol.  50,  p.  47, 1921. 
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Robinson  *^  has  reported  Pennsylvanian  fos- 
sils from  the  Redwall  limestone  at  Elden 
Mountain,  near  Flagstaff.  He  states  that  at 
this  locality  ^^the  limestone  becomes  thinner 
bedded  than  usual  and  gives  way  to  red  calca- 
reous shala  and  sandstone.  The  limestone 
immediately  overlying  these  beds  contains 
many  fragments  of  shale  and  includes  at  one 
point  a  patch  of  conglomerate."  The  fossils 
determined  as  Pennsylvanian  came  '^from  the 
uppermost  strata"  at  this  locality.  In  my 
opinion,  Robinson's  description  of  the  beds 
indicates  that  they  are  equivalent  to  strata 
exposed  in  the  basal  part  of  the  Supai  in  the 
Grand  Canyon,  and  not  to  any  part  of  the 
Redwall  limestone  as  here  restricted. 

Lee  ^  has  also  reported  a  Pennsylvanian 
fauna  from  the  top  of  the  Redwall  limestone 
in  Truxton  Canyon,  near  Yampai.  The  fossils 
are  stated  to  have  been  obtained  "near  the 
top  of  the  exposed  section."  Probably  the 
limestone  beds  in  which  Lee  found  the  Penn- 
sylvanian fossils  are  also  correlatives  of  lime- 
stones that  lie  in  the  basal  part  of  the  Supai  at 
Bass  Canyon. 

UNCONFORMITY    BETWEEN    SUPAI   AND    HERMIT 

FORMATIONS. 

In  Hermit  Basin,  12  miles  southeast  of  Bass 
Canyon,  a  strong  unconformity  of  erosion  sepa- 
rates the  Supai  formation  as  here  redefined 
from  the  overlying  red  sandy  shale  here  named 
the  Hermit  shale.  The  unconformity  is  beau- 
tifully exposed  on  the  Hermit  trail  just  under  a 
signpost  marked  "  Red  Top."  (See  PI.  XXIII, 
B,)  At  this  locality  the  top  of  subdivision  A 
of  the  Supai  consists  of  alternating  beds  of 
hard  pinkish  or  buff  cross-bedded  sandstone 
and  friable  red  platy  sandstone.  These  beds 
make  a  succession  of  small  cliffs  and  ledges  just 
under  the  bench  that  forms  the  floor  of  Hermit 
Basin  and  locally  represents  the  Esplanade 
platform.  Just  under  the  ''Red  Top"  sign  a 
sharp  hollow  40  feet  deep  in  these  Supai  beds 
is  filled  with  the  soft  red  sandy  layers  that  con- 
stitute the  Hermit  shale.  The  soft  Hermit 
shale  in  the  hollow  determines  a  break  in  the 
small  cliffs  at  the  top  of  the  Supai,  and  the  trail 
takes  advantage  of  this  break  to  descend  the 

«  Robinson,  H.  H.,  The  San  Franciscan  volcanic  field,  Arix.;  U.  8. 
Ceol.  Survey  Prof.  Paper  76,  pp.  21-22, 1913. 

«*  L«e,  W.  T.,  Geologic  reconnaisance  of  a  part  of  western  Arizona: 
U.  8.  Oed.  Sur\'ey  Bull.  352,  p.  1  >,  190S. 


cliffs  to  a  ledge  on  the  siunmit  of  the  massive 
sandstone  that  forms  the  main  cliff  of  subdivi- 
sion A.  When  the  observer  has  examined  the 
unconformity  in  the  fine  exposure  under  Red 
Top  he  will  have  no  difficulty  in  following  it 
with  his  eye  all  around  the  rim  of  the  canyon  of 
Hermit  Creek,  where  it  is  in  plain  sight  for  sev- 
eral miles.  The  unconformity  marks  the  change 
from  the  highest  cliff-making  strata  in  the  Supai 
to  the  softer,  shaly  beds  that  overlie  them. 
It  is  difficult  to  recognize  the  unconformity  at 
first  sight  because  the  beds  above  and  below  it 
are  stained  the  same  color,  a  deep  brick-red. 
Many  fine  exposures  of  the  unconformity  may,, 
however,  be  studied  by  following  the  trail  that 
leads  westward  along  the  general  level  of  the 
Esplanade  from  Red  Top  to  Dripping  Spring. 
The  sketch  in  figure  4,  a,  and  the  photograph 
reproduced  in  Plate  XXIV,  A,  show  an  expos- 
ure of  the  unconformity  on  this  trail  at  a  point 
about  a  quarter  of  a  mile  west  of  Red  Top. 
As  seen  in  the  canyon  of  Hermit  Creek  the  un- 
conformity is  comparable  in  irregularity  to  the 
unconformity  at  the  top  of  the  Tonto  (see  pp. 
49-51),  which,indeed,  it  strongly  resembles,  the 
eroded  surface  exhibiting  in  places  irregulari- 
ties of  50  feet  or  more. 

I  discovered  the  unconformity  in  1916  at  the 
end  of  a  field  trip  when  I  came  out  of  the  canyon 
over  the  Hermit  trail,  and  I  furnished  Prof. 
Schuchert  with  a  sketch  of  it  which  he  pub- 
lished in  his  paper  on  the  Carboniferous  forma- 
tions of  the  Grand  Canyon  in  1918.*'  However, 
until  1920 1  had  no  opportunity  to  examine  the 
horizon  of  the  unconformity  at  other  localities, 
to  learn  something  of  its  extent,  but  in  the  fall 
of  that  year  I  was  able  to  examine  it  at  sev- 
eral points  in  the  south  wall  of  the  Grand  Can- 
yon northwest  and  southeast  of  Hermit  Creek. 
Northwest  of  Hermit  Creek  the  unconformity 
is  traceable  at  least  1 1  miles,  being  plainly  rec- 
ognizable from  the  rim  of  the  Grand  Canyon  in 
the  walls  of  Ruby  Canyon,  2  miles  southeast  of 
Bass  Canyon.  Figure  4,  6,  shows  it  just  under 
Havasupai  Point,  the  end  of  the  promontory 
that  forms  the  west  wall  of  the  Ruby  Canyon. 
The  sketch  was  drawn  from  the  Grand  Scenic 
Divide,  a  spur  of  the  Esplanade  a  mile  west  of 
Havasupai  Point,  and  may  be  incorrect  in  de- 
tail, for  I  could  not  reach  and  examine  the 
locality  shown  by  the  sketch.     At  Bass  Canyon 

•  Schuchert,  Cha  les,  op.  cit.,  p.  356. 
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I  could  not  detect  the  unconformity,  but  the 
beds  at  its  horizon  are  poorly  exposed  at  that 
locaUty. 

At  the  Bright  Angel  (Cameron)  trail,  5  miles 
southeast  of  Hermit  Creek,  the  imconformity 
can  be  detected  by  very  careful  inspection,  but 
the  eroded  surface  exhibits  so  little  reUef  that 
it  would  probably  be  unrecognizable  to  one 
who  had  not  first  examined  it  at  the  Hermit 
trail.  At  Tanner  Canyon,  20  miles  southeast 
of  the  Hermit  trail,  I  could  not  detect  it.  In 
that  region  the  Hermit  shale  is  readily  distin- 
guishable from  the  underlying  Supai  formation 
both  topographically  and  lithologically,  but 
the  contact  with  the  Supai  is  so  even  that  if  it 
represents  an  unconformity  of  erosion  the 
eroded  surface  is  practically  level. 
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Figure  ^.—Diagrammatic  sicetches  showing  character  of  unoonfonDity  between  Hermit 
.    shale  and  Supai  formation  in  Orand  Canyon,  Aris.    a,  On  trail  between  Red  Top  and 
Dripping  Spring,  Bright  Angel  quadrangle;  6,  under  Havasupoi  Point,  Shinumo quad- 
rangle. 

In  brief;  although  the  Supai  formation  is 
separated  from  the  overlying  Hermit  shale  by 
an  unconformity  of  erosion  which  is  contin- 
uously traceable  for  at  least  15  miles  in  the 
Kaibab  division,  study  of  a  wider  area  than  I 
have  covered  will  be  necessary  before  it  can 
be  stated  confidently  that  the  unconformity  is 
a  widespread  feature  in  the  Grand  Canyon 
district. 

In  the  area  which  I  have  covered  the  im- 
conformity  coincides  with  the  general  level  of 
the  Esplanade.  If  this  association  is  signifi- 
cant, the  unconformity  may  extend  over  a 
very  wide  area,  for  the  Esplanade  extends 
many  miles  west  of  the  Kaibab  division  in  the 
Grand  Canyon. 


Definition. — ^At  Hermit  Basin  above  the  un- 
conformity just  described  there  is  a  series  of 
deep  brick-red  sandy  shales  and  fine-grained 
friable  sandstones  whose  thickness  is  317  feet 
measured  from  the  base  of  the  deepest  depres- 
sion and  267  feet  measured  from  the  summit 
of  the  highest  knoll  in  the  unconformity. 
(See  PI.  XIX.)  Formerly  these  strata  were 
included  in  the  Supai  formation  and  were  des- 
ignated "shale  of  the  Supai  formation"  or 
"Upper  Supai  shale,"  ^  but  because  they  have 
been  found  to  be  separated  from  the  under- 
lying beds  by  an  unconformity,  because  they 
contain  determinable  fossils  of  Permian  age, 

and  because  they  are  constant  in 
lithology  and  are  distinct  from 
the  underlying  beds  in  topo- 
graphic expression  everywhere 
in  the  Kaibab  division,  I  have 
proposed  that  they  be  designated 
the  Hermit  shale,  and  the  name 
has  been  adopted  by  the  United 
States  Geological  Survey.  The 
name  is  taken  from  Hermit  Basin, 
where  the  beds  are  typically  ex- 
posed. The  formation  is  conform- 
ably overlain  by  the  Coconino 
sandstone.  Plate  XXIV,  B,  shows 
an  exposure  of  the  Hermit  shale 
in  Tapeats  Amphitheater,  north- 
west of  Powell  Plateau. 

Cluvrdcter  and  thickness, — ^At 
Bass  Canyon  the  Hermit  shale  is 
332  feet  thick.  The  character  and  succession 
of  the  beds  are  given  in  the  section  on  pages 
28-29  and  their  profile  is  shown  in  the  columnar 
section,  Plate  XIX.  The  beds  differ  little 
from  one  another  in  composition  and  con- 
sist essentially  of  sandy  mud  colored  red 
by  ferritic  pigment.  The  beds  that  I  have 
designated  sandstone  in  the  section  are  massive 
and  relatively  compact  as  contrasted  with  the 
beds  that  I  have  designated  shale,  which  are 
thinly  laminated,  but  the  distinction  between 
sandstone  and  shale  is  imimportant.  All  the 
strata  are  friable.  Many  beds  exhibit  sun 
cracks  and  rain  prints,  and  some  beds  are 
ripple-marked.     One  bed  (No.  15,  p.  29)  con- 

^  Noble,  L.  F.,  op.  cit.,  p.  69. 
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sists  of  intraformational  conglomerate.  Near 
the  top  of  the  formation  many  beds  exhibit 
concretionary  structure.  Lithologically  the 
Hermit  shale  resembles  many  beds  of  sandy 
shale  in  the  Supai,  but  unlike  the  Supai  it 
contains  no  massive  hard  layers  of  cross- 
bedded  sandstone,  and  the  more  sandy  beds  in 
the  Hermit  are  prevailingly  reddish,  not  buflF, 
as  they  are  in  the  Supai.  Thin,  platy  lami- 
nation is  the  most  prominent  structural  charac- 
teristic of  the  Hermit  shale.  Everwhere  the 
formation  makes  a  slope  which  is  in  strong 
topographic  contrast  with  the  sheer  cliff  of  the 
overlying  Coconino  sandstone  and  with  the 
steplike  cliffs  and  ledges  of  the  underlying 
Supai. 

Although  the  Hermit  shale  is  constant  in 
Uthology  throughout  the  Kaibab  division  of  the 
Grand  Canyon  its  thickness  varies  considerably. 
In  the  region  about  Tanner  Canyon,  in  the  east- 
em  part  of  the  Kaibab  division,  it  is  less  than 
100  feet  thick  (estimated)  and  may  be  less  than 
75  feet.  At  Bass  Canyon  it  is  332  feet  thick, 
and  west  of  Bass  Canyon,  at  the  west  end  of 
the  Kaibab  division,  more  than  500  feet.  The 
widening  of  the  Esplanade  west  of  Bass  Canyon 
is  caused,  as  I  have  shown,^^  by  the  increase  in 
thickness  of  the  soft  Hermit  shale,  which 
wastes  back  from  the  floor  of  the  platform,  in 
conjunction  with  a  corresponding  shrinkage  in 
the  overlying  hard  Coconino  sandstone,  which 
defends  the  retreat  of  the  wall  above  the  plat- 
form. Apparently  the  Hermit  shale  continues 
to  increase  in  thickness  at  least  as  far  as  Kanab 
Creek,  for  Walcott's  subdivisions  al,  a2,  and 
a3  of  the  Aubrey  group  at  Kanab  Creek,  which 
I  beUeve  represent  the  Hermit  shale,  are  775 
feet  in  aggregate  thickness.     (See  PL  XIX.) 

•Beds  in  Gilbert's  section  at  the  mouth  of  the 
Grand  Canyon,"  which  he  designates  division 
3  and  which  may  represent  the  Hermit  shale, 
are  said  to  be  800  feet  thick  at  that  locaUty. 

In  the  Aubrey  cliff  4  miles  north  of  Selig- 
man  beds  identical  in  lithology  with  the  typi- 
cal Hermit  shale  underUe  the  Coconino  sand- 
stone and  overUe  a  cliff-making  portion  of  the 
Supai  that  corresponds  in  lithology  and  in 
stratigraphic  position  to  subdivision  A  of  the 
Supai  as  defined  at  Bass  Canyon.  The  beds 
between  the  Supai  and  Coconino  formations 
are  80  feet  thick,  are  soft  and  thinly  laminated, 

u  Noble,  L.  F.,  op.  dt.,  p.  70. 
M  Gilbert,  O.  K.,  op.  dt.,  p.  102. 


and  make  a  slope  above  a  bench  at  the  top  of 

the  Supai  that  corresponds  to  the  Esplanade. 

Undoubtedly  they  are  the  Hermit  shale.     In 

this  region  the  Coconino  sandstone,  although 

it  is  nearly  450  feet  thick,  does  not  make  a  cliff 

but  weathers  into  a  slope  that  is  little  steeper 

than  that  formed  by  the  Hermit  shale.     The 

actual  cliff-makers  in  the  Aubrey  cliff  are  the 

Supai  formation  and  the  Kaibab  limestone. 

Describing  the  beds  in  the  Jerome  region 

that  were  believed  to  represent  the  Supai, 

Ransome  "  writes: 

At  this  locality  [mouth  of  Sycamore  Creek,  8  miles  north 
of  Jerome]  the  lower  700  feet  of  the  Supai  consists  chiefly 
of  fine-grained  cross-bedded  sandstone  in  beds  less  than  6 
feet  thick,  with  a  smaller  proportion  of  deep-red  shale. 
The  general  color  is  not  brilliant,  and  some  of  the  sand- 
stone beds  incline  to  a  tawny  hue.  The  upper  beds  of  this 
division  of  the  formation  are  fairly  massive  and  form  an 
outer  bench  in  the  plateau  escarpment  at  this  locality. 
Overlying  them  and  under  the  Coconino  sandstone  are 
apparently  softer  beds  of  much  brighter  red,  with  an  esti- 
mated thickness  of  200  to  300  feet.  As  seen  through  field 
glasses  at  a  distance  of  2  or  3  miles  they  show  conspicuous 
cross-bedding  and  appear  to  grade  upward  with  no  sharp 
break  into  the  Coconino  sandstone. 

Perhaps  the  soft  beds  noted  by  Ransome 
beneath  the  Coconino  sandstone  and  the  rock 
bench  formed  by  the  Supai  are  the  Hermit 
shale. 

Fossils. — Schuchert  was  the  iBrst  geologist 
to  find  fossils  in  the  Hermit  shale.     He  states :  ^ 

Just  below  the  sign  "  Red  Top"  in  the  lower  turn  of  the 
Hermit  trail  [in. Hermit  Basin]  and  immediately  above 
the  thick  upper  sandstone  [of  the  Supai]  are  seen  thin, 
bedded  red  shaly  sandstones  alternating  with  deep-red 
zones  of  shale.  The  surfaces  of  the  glistening  and  smooth 
platy  sandstones  are  replete  with  fillings  of  the  small 
prisms  of  interbedded  sun-cracked  shales,  are  often  rain- 
pitted,  and  further  marked  by  the  feet  impressions  of 
frash-water  amphibians  described  elsewhere  in  this  num- 
ber of  the  Journal  by  Prof.  LuU'^  as  Megapeziaf  coloraden- 
8i8  and  Exocampef  delicatula.  Some  of  the  tracks  are 
distinct  impreosions  of  the  feet,  and  others  are  mere  strokes 
of  the  toes.  In  these  same  beds  also  occur  plant  remains 
in  very  fragmentary  condition  which  were  badly  macer- 
ated and  coated  with  a  slime  of  red  mud  during  their 
entombment.  They  are  therefore  difficult  to  determine, 
but  after  much  effort  Dr.  David  White  tentatively  identi- 
fied them  as  CaHipteru  sp.  cf.  C.  conferta,  Walchia  of. 
W.  gracilUf  GigantopteriSy  and  cf .  SphenophyUum.    *    ♦    » 

The  plants  listed  above  and  found  associated  with  the 
tracks  led  White  in  his  letter  to  the  writer  dated  June  27, 
1916,  to  the  following  conclusions:  ''The  condition  of 
preservation  of  the  fragments  is  so  bad  that  caution  is 

»  Ranaonne,  F.  L.,  op.  dt.,  p.  102. 
M  Schacbert,  Charles,  op.  cit.,  pp.  8S3-864. 

w  Lull,  B.  S.,  Fossil  footprints  trtan  the  Qrand  Canyon  of  the  ColondCK 
Jour.  Am.  Sd.,  vol.  45,  pp.  337-346,  llay»  1918. 
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necessary  in  baaing  concluflions  of  any  kind  on  the  material 
submitted.  However,  the  presence  of  Gigantopterisy 
Walchiat  and  probably  of  CallipteriSt  if  my  tentative 
generic  identification  of  the  latter  is  correct,  points  to 
lower  Permian  age  of  the  flora.  *  *  *  In  any  event, 
it  appears  probable  that  the  flora,  when  it  is  better  known, 
will  be  found  to  indicate  a  level  not  below  the  highest 
stage  of  the  Penns>'hanian." 

In  1916  I  made  a  small  collection  of  plant 
material  from  beds  at  the  base  of  the  Hermit 
shale  resting  in  depressions  in  the  imconformity 
near  Red  Top  in  Hermit  Basin.  The  collection 
was  examined  by  Mr.  White,  who  made  the 
following  report: 

The  fossils  are  ver}**  obscure  on  account  of  the  maceration 
of  the  plant  substance,  the  washing  of  the  surface  with 
mud  slimes,  with  more  or  less  curling,  and  deformation 
produced  apparently  by  shrinkage  in  the  sun,  so  that  the 
nervation  is  in  general  obliterated,  even  the  midribs 
being  imperfectly  represented  in  some  cases.  Curling  of 
the  leaves  obscures  or  even  conceals  their  true  forms. 

One  of  the  specimens  probably  belongs  to  the  genus 
Peoopteris.  Two  other  fragments  ma>  represent  a  species 
of  Alethopteris.  Another  fragment  has  the  outline  of 
Callipleris.  If  the  outline  is  not  misleading  as  the  result 
of  shrinkage  and  curling  of  the  borders  of  the  leaf,  the 
plant  probably  is  a  CallipteriSy  in  which  case  the  evidence 
of  the  fossils  will  conform  to  the  tentative  age  determina- 
tions based  upon  the  collection  submitted  by  Prof.  Schu- 
chert,  namely,  that  the  beds  are  Permian  in  age,  or  possibly 
referable  to  the  latest  Pennsylvanian. 

Pending  the  collection  of  additional  material,  some  of 
which  it  is  hoped  will  be  found  better  preserved,  the  refer- 
ence of  the  extremely  obscure  and  imperfect  fragments  to 
the  Permian  must  be  considered  as  provisional.  I  antici- 
pate, however,  that  more  material  will  point  more  strongly 
to  the  Permian  age  of  the  upper  part  of  the  Supai  forma- 
tion. Should  this  prove  to  be  the  case,  the  unconformity 
at  the  base  of  the  Permian  in  northern  Arizona  will  remind 
geologists  of  the  strong  angular  conformity  beneath  the 
Permian  "Red  Beds"  on  the  south  flank  of  the  Ouachita 
Mountains  in  southern  Oklahoma  and  the  presence  of  in- 
conspicuous conglomerate  in  or  near  the  base  of  the  Per- 
mian in  northern  Oklahoma  and  southern  Kansas. 

In  1920  I  returned  to  Hermit  Basin  and 
searched  the  Hermit  shale  in  the  hope  of  get- 
ting material  that  would  prove  to  be  specifi- 
cally determinable,  and  at  a  point  50  feet 
above  the  base  of  the  formation,  a  quarter  of  a 
mile  west  of  Red  Top  on  the  trail  to  Dripping 
Spring,  at  the  locality  shown  in  the  sketch  and 
photograph  (fig.  4,  a,  and  Pi.  XXIV,  A)^  I  ob- 
tained among  other  specimens  a  well-preserved 
part  of  a  femlike  frond,  concerning  which  Mr. 
White  writes :  ^ 

A  close  inspection  shows  it  to  belong  to  the  genus  Callip- 
leris, which  the  world  over  is  everywhere  recognized  as 

M  White,  David,  personal  letter. 


the  most  characteristic  and  widespread  exclusively  Per- 
mian fern.  I  judge  that  the  specimen  is  not  even  \'arie- 
tally  distinguishable  from  Callipteris  confeita.  Accord- 
ingly this  evidence  practically  confirms  conclusively  the 
opinions  ba^ed  on  fragments  previously  collected  by  you 
and  Prof.  Schuchert  and  is  of  itself  probably  adequate 
to  prove  the  Permian  age  of  the  Hermit  shale.  Taken 
in  connection  with  the  plant  fragments  previously  trans- 
mitted by  Prof.  Schuchert  and  you,  it  can  be  only- 
Permian. 

In  1920  I  noted  imperfect  fragments  of  plant 
impressions  here  and  there  in  the  Hermit  shale 
near  the  Bass  trail  and  near  the  Bright  Angel 
trail.  The  fragments  are  not  confined  to  any- 
particular  bed  in  the  formation  but  occur  at 
various  horizons.  They  are  not  nearly  so 
abundant  as  they  are  at  Hermit  Basin. 

In  the  light  of  the  evidence  just  presented 
the  Hermit  shale  may  be  confidently  assigned 
to  the  Permian. 

GOCOVXVO  SAJnOSTOHX. 

Character. — ^The  Coconino  sandstone  is  a 
pale-buff  fine-grained  cross-bedded  sandstone 
whose  distinctive  features  are  its  massive  ap- 
pearance, the  huge  scale  of  the  cross-bedding, 
and  the  uniform  fineness  of  the  component 
grains  of  sand.  The  massiveness  of  the  sand- 
stone, which  is  due  to  the  coarsieness  of  the 
cross-bedding,  causes  it  to  weather  into  the 
highest  and  most  precipitous  cliff  in  the  upper 
wall  of  the  canyon. 

The  formation  is  made  up  of  lenticular  beds, 
each  of  which  is  truncated  by  the  bed  above  it 
in  such  a  way  that,  as  outlined  in  cross  section 
or  cliff  faces,  the  beds  conmionly  form  irregu- 
lar wedges  whose  sides  are  sweeping  curves- 
Each  wedge  consists  of  innumerable  thin  in- 
clined laminae.  Horizontal  bedding  is  absent 
except  near  the  base  of  the  formation,  where 
it  is  inconspicuous.  The  wedges  differ  greatly 
in  thickness.  One  wedge,  near  the  Bass  trail, 
is  more  than  75  feet  thick;  most  are  between 
10  and  75  feet;  some  are  less  than  10  feet.  In 
every  wedge  the  laminae  dip  in  a  general 
southerly  direction  ranging  from  southeast  to 
southwest,  but  the  dip  is  not  uniform  in  all 
parts  of  the  wedge.  The  laminae  form  parallel 
curves  that  flatten  downward.  Commonly  at 
the  top  of  a  wedge  they  are  inclined  at  angles 
of  IS*'  to  25°,  or  exceptionally  30°,  but  near 
the  base  of  a  wedge  they  bend  and  become 
horizontal  or  nearly  horizontal.  The  prevail- 
ing dip  of  the  laminae  is  south  wherever  the 
Coconino   sandstone   is   exposed   in  northern 
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Arizona.  This  feature  causes  the  formation 
to  make  a  more  continuous  cliff  in  the  southern 
wall  of  the  Grand  Canyon  than  it  does  in  the 
northern  wall,  because  where  the  outcropping 
edges  of  the  sandstone  face  south,  as  they  do 
in  the  northern  wall,  the  sandstone  breaks 
down  here  and  there  into  slopes  on  the  dip  of 
the  laminae.  A  break  of  this  character  per- 
mits the  Hermit  trail  to  descend  the  sandstone 
in  Hermit  Basin,  and  another  permits  the  Bass 
trail  to  descend  it  near  Bass  Camp.  At  both 
places  the  Coconino  cliflF  faces  southwest  in  an 
alcove  cut  at  right  angles  to  the  prevailing  dip 
of  the  beds. 

The  sandstone  is  cut  by  many  vertical  joints. 
In  weathering,  it  splits  into  blocks  along  these 
jomts  or  into  slabs  along  the  inclined  laminae 
rather  than  along  contacts  between  the  wedges. 
Although  the  prevailing  color  of  the  sandstone 
is  pale  buflF,  some  wedges  are  rusty  buflP,  pinkish, 
or  pale  red.  The  reddish  color,  where  present, 
is  strongest,  as  a  rule,  at  the  base  of  a  wedge. 
The  constituent  grains  of  the  Coconino  sand- 
stone are  quartz,  and  they  are  bound  together 
by  siliceous  cement;  the  rock  does  not  effer- 
vesce with  acid.  Commonly  the  grains  are 
uniformly  small,  translucent  to  transparent, 
and  rudely  globular  or  subangular  rather 
than  broken  or  angular,  but  fresh  surfaces  of 
the  rock  feel  gritty  and  sparkle  in  the  sunlight. 
Exceptionally  the  grains  are  rather  coarse,  are 
well  rounded,  and  are  dull  on  the  surface,  like 
ground  glass.  These  dull,  rounded  grains 
commonly  form  thin  bands  or  streaks. 

Ripple-marked  or  sun-cracked  surfaces  are 
very  rarely  seen  in  the  Coconino  sandstone.  I 
have  never  seen  ripple  marks  in  it,  but  Schu- 
chert*'  has  noted  them  at  one  place,  near  the 
Hermit  trail.  Near  the  Bass  trail  the  under 
surface  of  the  formation  contains  distinct  im- 
pressions of  sun  cracks,  but  these  impressions 
are  derived  from  the  upper  surface  of  the 
underlying  Hermit  shale.  The  only  sun  cracks 
I  have  noted  that  are  unmistakably  within  the 
Coconino  itself  are  on  a  block  in  a  talus  slide 
near  the  Hermit  trail. 

At  the  Bass,  Hermit,  and  Tanner  trails  the 
sandstone  at  the  base  of  the  Coconino  is  in 
horizontal  layers  for  5  to  25  feet  above  the 
Coconino-Hermit  contact,  and  some  of  these 
layers  do  not  exhibit  cross-bedding.  At  the 
Tanner  trail  these  horizontal  beds  of  sandstone 

*f  Schuchert,  Charles,  op.  cit.,  p.  340. 


alternate  with  layers  of  red  shale,  so  that  the 
boundary  between  the  Hermit  shale  and  Coco- 
nino sandstone  is  not  sharp.  At  the  Bright 
Angel  (Cameron)  trail  the  cross-bedding 
begins  abruptly  at  the  base  of  the  Coconino. 

At  the  Hermit  and  Bright  Angel  trails  the 
beds  at  the  top  of  the  Hermit  shale  are  cut 
here  and  there  by  vertical  fissures  that  do  not 
extend  upward  into  the  Coconino  sandstone. 
These  fissures,  some  of  which  extend  down- 
ward 15  to  20  feet  into  the  Hermit  shale  and 
are  6  inches  to  a  foot  wide  at  the  top,  are  filled 
with  the  buff  sand  that  constitutes  the  overly- 
ing Coconino  sandstone.  Probably  they  are  a 
widespread  feature  of  the  Coconino-Hermit 
contact,  for  a  few  of  them  are  exposed  under 
Fossil  Mountain,  near  Havasupai  Point,  11 
miles  from  the  Hermit  trail.  I  have  not 
seen  them  at  Red  Canyon  or  at  Tanner  Canyon, 
but  the  contact  is  poorly  exposed  at  those 
localities. 

The  Coconino-Hermit  contact  is  the  most 
favorable  horizon  for  springs  in  the  upper  part 
of  the  canyon  wall,  because  the  upper  surface  of 
the  relatively  impervious  Hermit  shale  checks 
the  downward  movement  of  ground  water  per- 
colating through  the  more  pervious  Coconino 
sandstone.  Many  small  springs  issue  at  this 
contact  in  the  Kaibab  division  of  the  canyon. 
Dripping  Spring,  at  Hermit  Basin,  and  a 
spring  at  the  Muav  Saddle,  near  the  head  of 
Muav  Canyon,  are  examples. 

Thickness. — In  the  region  between  Kanab 
Creek  and  the  east  end  of  the  Kaibab  division 
the  thickness  of  the  Coconino  sandstone  in- 
creases steadily  southeastward  and  is  every- 
where in  inverse  ratio  to  that  of  the  underlying 
Hermit  shale.  For  example,  the  Coconino  is 
only  30  feet  thick  at  Kanab  Creek  (see  section 
by  Walcott,  PI.  XIX),  where  beds  believed  to 
represent  the  Hermit  shale  are  775  feet  thick; 
250  feet  thick  at  the  west  end  of  the  Kaibab 
division,  where  the  Hermit  shale  is  550  feet; 
330  feet  at  the  Bass  trail,  where  the  Hermit 
shale  is  332  feet;  350  feet  at  the  Hermit  trail, 
where  the  Hermit  shale  is  267  to  317  feet;  550 
feet  (estimated)  at  Red  Canyon,  where  the 
Hermit  shale  is  130  feet  (estimated) ;  and  550 
to  650  feet  in  the  eastern  end  of  the  Kaibab 
division,  between  the  Tanner  trail  and  the  Lit- 
tle Colorado,  where  the  Hermit  shale  is  75  to 
100  feet.  The  height  of  the  Coconino  cliff  as 
seen  from  Desert  View  near  the  Tanner  trail  is 
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thus  almost  double  the  height  of  the  cliff  as 
seen  from  the  head  of  the  Hermit  trail  or  from 
Bass  Camp. 

Fossils. — ^The  only  traces  of  life  that  have 
been  found  in  the  Coconino  sandstone  are  fossil 
footprints  of  small  animals.  The  locality  is  on 
the  Hermit  trail  between  140  and  200  feet 
above  the  base  of  the  sandstone  and  is  easily 
accessible.  The  tracks  occur  on  the  upper  sur- 
faces of  inclined  laminae  of  the  sandstone  that 
dip  15°-25®  SW.,  and  they  are  found  over  a 
considerable  area  between  the  elevations  stated. 
The  beds  that  contain  the  tracks  have  a  slightly 
darker  color  than  most  of  the  Coconino  sand- 
stone exposed  on  the  trail,  weathering  a  rusty 
buff.  The  tracks  are  hard  to  recognize  at  first, 
as  they  are  small,  like  those  of  a  squirrel  or  a 
small  cat,  and  the  impressions  are  faint,  but 
the  tracks  are  abundant,  and  the  observer  will 
see  a  great  many  of  them  after  he  has  become 
familiar  with  their  appearance.  Most  of  them 
appear  to  have  been  made  by  animals  walking 
up  the  slope  of  the  inclined  laminae.  A  large 
number  will  be  found  in  place  on  the  outcrop- 
ping inclined  surfaces  of  the  sandstone,  but 
many  loose  slabs  of  rock  scattered  about  the 
trail  contain  good  impressions.  The  photo- 
graph reproduced  in  Plate  XXV,  -4,  shows  im- 
pressions on  one  of  these  slabs.  Specimens  of 
two  kinds  of  tracks  collected  by  Prof.  Schuchert 
in  1915  and  by  me  in  1916  have  been  described 
by  Lull  "  as  Laoporus  schtu^Jierti  and  Laoforus 
noblei.  He  regards  the  animals  that  made 
them  as  ancestral  amphibia.     He  states: 

The  creatures  which  made  the  footprints  were  quadru- 
peds of  moderate  size,  with  broad,  stumpy  feet,  appar- 
ently clawed,  and  having  at  least  four  toes  in  front  and 
five  behind .  The  hind  foot,  which  is  somewhat  the  larger, 
bore  a  proportionately  greater  share  of  the  creature's 
weight,  especially  in  the  smaller  species.  The  limbs 
were  apparently  short,  with  a  wide  trackway,  implying 
a  bulky  body.  No  trace  of  a  dragging  trail  is  discernible  on 
any  of  the  specimens,  and  the  body  was  evidently  carried 
clear  of  the  ground.  Several  known  genera  of  Paleozoic 
footprints  may  be  compared  with  the  present  species,  but 
none  agrees  with  sufficient  closeness  to  warrant  the  in- 
clusion of  these  forms.  They  tlierefore  seem  to  pertain  to 
a  new  genus,  which  will  be  called  Laoporus  and  the  affin- 
ities of  which,  from  the  criteria  which  they  present,  seem 
to  lie  with  the  genus  Limnopus  Marsh,  from  the  Kansas 
Goal  Measures. 

Probably  the  specimens  described  do  not 
represent  all  kinds  of  tracks  obtainable  at  this 
locality,  for  in  examining  the  locality  more 

MLull,  B.S.,  op.clt.,  pp.  338-341. 


carefully  in   1920  I  noted   tracks    that  diflFer 
from  those  already  described. 

In  origin  I  believe  the  Coconino  sandstone  is 
essentially  a  dime  deposit,  because  it  resem- 
bles in  many  structural  and  lithologic  features 
parts  of  younger  formations  exposed  in  the 
Navajo  country,  notably  the  DeChelly,  Navajo, 
and  Wingate  sandstones,  which,  as  Gr^ory** 
has  shown,  are  almost  certainly  dune  deposits. 
Thin  sections  cut  from  specimens  of  the  Coco- 
nino sandstone  that  I  have  collected  for  study 
may  throw  more  light  on  the  origin  of  the  sand. 
This  material,  however,  which  also  includes 
thin  sections  cut  from  beds  in  other  Paleozoic 
formations  of  the  Grand  Canyon,  has  not  yet 
been  studied,  and  I  will  reserve  a  discussion  of 
it  for  another  report. 

TTATBAB  LDCESTOVE. 

Character, — ^The  Kaibab  limestone  forms  the 
surface  of  Coconino  and  Kaibab  plateaus,  which 
border  the  Grand  Canyon,  and  makes  the  first 
cliffs  that  drop  away  at  the  rim  of  the  canyon. 
It  is  composed  of  limestone  and  sandstone  and 
at  some  horizons  contains  lai^e  amoimts  of 
chert.  Fragments  of  chert  weathered  from 
the  formation  are  abimdant  nearly  everywhere 
on  the  surface  of  the  plateaus.  The  beds  of 
limestone  are  hard  and  make  cliffs  in  the  canyon 
wall;  the  sandstones  are  soft  and  make  slopes. 
Relatively  the  Kaibab  is  not  a  heavily  bedded 
formation,  like  the  Redwall.  Some  limestone 
beds  are  over  6  feet  thick,  but  many  are  from  a 
few  inches  to  5  feet  thick.  The  bedding  planes 
are  distinct  throughout  the  formation.  The 
prevailing  colors  of  the  limestones  and  of  most 
of  the  sandstones  are  buff,  cream,  or  gray, 
but  some  of  the  sandstones,  notably  in  the 
middle  part  of  the  formation,  are  red  or  yel- 
low. The  limestones  in  the  upper  part  of  the 
formation  are  the  most  f ossilif erous  rocks  in  the 
Grand  Canyon,  some  beds  being  composed  al- 
most entirely  of  the  remains  of  sea  animals, 
chiefly  bryozoans,  sponges,  brachiopods,  and 
gastropods.  Fossil  Mountain,  a  dissected  prom- 
ontory of  the  Coconino  Plateau  near  Bass  Camp, 
is  carved  from  these  f  ossilif  erous  beds  and  is  so 
named  because  the  fossils,  weathered  from  the 
limestone,  litter  its  southwest  slope. 

At  Bass  Canyon  the  Kaibab  limestone  i& 
divisible  into  three  members  which  in  lithology 
and  in  topographic  expression  are  distinct  from 

*•  Gregory,  H.  E.,  Geology  of  the  Nav^^o  country:  U.  8.  Oeol.  Survey 
Prof.  Paper  93,  pp.  31-34,  53-55,  57-59, 1917. 
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one  another  everywhere  in  the  Kaibab  division. 
Subdivision  A,  at  the  top  of  the  formation,  292 
feet  thick,  consists  of  gray  crystalline  limestone 
which  passes  at  the  base  and  top  into  alternat- 
ing beds  of  fine-grained  sandstone  and  very 
cherty  limestone.  Subdivision  B,  in  the  middle 
of  the  formation,  136  feet  thick,  consists  of 
more  or  less  irregularly  bedded  buff,  yellow, 
and  red  fine-grained  sandstone  and  contains 
beds  of  sandy  breccia.  Subdivision  C,  at  the 
base  of  the  formation,  134  feet  thick,  consists 
of  alternating  beds  of  buff  sandstone  and  lime- 
stone which  pass  up  into  a  very  massive  bed  of 
siliceous  limestone.  Subdivision  A  forms  cliffs 
and  steep  slopes,  B  forms  a  slope,  and  C  forms 
a  succession  of  cliffs  and  slopes.  The  order, 
character,  and  succession  of  the  beds  that  con- 
stitute these  subdivisions  are  described  in  the 
section  on  pages  27-28,  and  the  profile  of  the 
subdivisions  is  shown  in  the  columnar  section, 
Plate  XIX. 

Two  analyses  of  limestone  in  subdivision  A 
follow.  One  analysis  shows  the  composition  of 
a  sample  taken  from  a  bed  (No.  2,  p.  27)  just 
under  the  rim  of  the  canyon  at  the  Bass  trail. 
This  limestone  is  associated  with  the  sandy 
beds  in  the  upper  part  of  the  subdivision.  It  is 
dense  but  not  crystalline,  feels  dull  or  earthy 
when  struck  by  the  hammer,  and  in  appearance 
suggests  silicified  chalk.  Similar  beds  higher 
in  the  Kaibab  limestone  are  exposed  on  the 
Coconino  Plateau  east  of  Bass  Camp  but  are 
not  included  in  my  section. 

This  rock  is  an  impure  dolomite.  The  second 
analysis  shows  the  composition  of  the  limestone 
that  forms  the  greater  part  of  the  subdivision. 
This  limestone  is  hard,  gray,  more  or  less  cherty, 
very  fossiliferous,  and  entirely  crystalline.  The 
sample  analyzed  was  taken  from  bed  No.  6 
at  the  Bass  trail.  (See  p.  27.)  The  analysis 
shows  that  this  limestone  is  not  magnesian, 
although  it  is  relatively  impiu'e.  Probably  the 
insoluble  impurities  are  largely  the  silica  that 
forms  nodules  of  chert  associated  with  the  lime- 
stone, for  the  rock  represented  by  the  sample 
analyzed  contains  no  detrital  sand. 

Partial  chemical  analwes  of  limeatone  from  aubdivition  A^ 

ICaibcio  limestone. 

[Alfred  A.  Chambers,  analyst.] 


Insoluble. . 
(Al  Fe),0, 
CaO....... 

MgO..  .... 


The  sandstones  of  subdivision  B  consist  en- 
tirely of  quartzose  sand  which  in  composition, 
fineness,  and  uniformity  of  grain  resembles  the 
sand  in  the  Coconino  sandstone.  Much  of  the 
sandstone  is  loosely  consolidated  and  crumbles 
to  sand  when  struck  with  the  hammer.  The 
cement  appears  to  be  siliceous,  for  the  rock 
does  not  eflfervesce  with  acid.  Some  beds  are 
evenly  laminated ;  others  exhibit  curious  gnarly 
structure  like  that  in  parts  of  the  Devonian 
Temple  Butte  limestone  (p.  51).  Wavy,  irreg- 
ular surfaces  separate  many  beds.  A  bed  of 
brecciated  sandstone  occurs  at  the  top  of  the 
subdivision  at  Bass  Canyon,  and  a  similar  bed 
occurs  near  the  middle.  (See  p.  27.)  It  is  dif- 
ficult to  determine  from  the  exposures  at  this 
locality  whether  the  brecciated  structure  is 
detrital  in  origin,  the  fragments  representing 
boulders  in  a  conglomerate,  or  whether  the 
structure  was  acquired  after  the  beds  were 
consolidated,  the  beds  caving  in  and  breaking 
because  some  soluble  mineral,  perhaps  gypsum, 
was  leached  out  of  them.  The  sandstones  of 
the  subdivision  contain  no  gypsum  at  the  Bass 
trail,  but  equivalent  beds  at  Kanab  Creek  de- 
scribed by  Walcott  (see  PL  XIX)  contain  gyp- 
sum, as  also  do  equivalent  beds  at  Cataract 
Creek  described  by  Newberry.**  Cataract  Creek 
is  about  20  miles  southwest  of  Bass  Canyon. 

The  prevailing  reddish  and  yellowish  hues 
of  the  sandstones  that  constitute  subdivision  B 
contrast  strikingly  with  the  pale  buffs  and  grays 
of  the  strata  in  the  overlying  and  underlying 
subdivisions  of  the  Kaibab  and  enable  the 
observer  readily  to  distinguish  the  subdivision. 

In  general  appearance  the  limestone  in  the 
massive  cliff-making  bed  at  the  top  of  sub- 
division C  (see  p.  28)  resembles  that  in  the 
bed  at  the  top  of  subdivision  A,  whose  com- 
position is  shown  by  the  analysis  on  this  page 
to  be  near  that  of  dolomite.  Probably  the  rock 
is  a  siliceous  dolomitic  limestone.  The  sand- 
stones that  alternate  with  the  limestones 
below  this  bed  do  not  appear  to  differ  con- 
spicuously in  composition  from  those  in 
subdivision  B,  but  all  of  them  are  evenly 
bedded,  and  some  exhibit  shaly  lamination. 
The  contact  between  subdivision  C  and  the 
underlying  Coconino  sandstone  is  level  and 
even,  and  the  bottom  bed  of  the  subdivision, 

«  Newberry,  J.  8.,  Report  apon  the  Colorado  River  of  the  Westi 
flxplored  in  1867-68  by  Ueut.  J.  C.  Ives,  pt.  8,  Geological  report,  1861. 
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a  fine-grained  reddish  to  yellowish  sandstone, 
rests  everywhere  on  the  truncated  edges  of 
inclined  laminae  of  the  Coconino  sandstone. 

Thickness. — ^The  Kaibab  limestone  is  562 
feet  thick  at  the  Bass  trail  and  about  25  feet 
thicker  a  short  distance  east  of  the  trail,  but 
inasmuch  as  the  summit  of  the  formation  is 
the  eroded  surface  of  the  Coconino  Plateau, 
the  original  thickness  can  not  be  determined. 
In  fact,  the  only  place  where  it  can  be  deter- 
mined in  the  Kaibab  division  is  in  the  area 
between  the  rim  of  the  Grand  Canyon  and 
Cedar  Mountain,  35  miles  southeast  of  Bass 
Canyon.  At  Cedar  Mountain,  2  miles  from 
the  rim  of  the  canyon,  the  Kaibab  is  overlain 
by  younger  beds  that  have  not  been  removed 
by  erosion,  and  the  top  of  the  Kaibab  is 
exposed  beneath  these  beds  at  the  southern 
base  of  the  moimtain.  As  shown  on  page  72 
certain  beds  at  the  top  of  the  Kaibab  at  the 
base  of  the  mountain  can  be  identified  with 
beds  exposed  at  the  top  of  the  Kaibab  at  the 
rim  of  the  canyon  2  miles  away.  Therefore 
the  original  thickness  of  the  Kaibab  can  be 
obtained  by  measuring  the  formation  in  the 
canyon  wall  at  this  point  and  adding  the 
thickness  of  Kaibab  beds  exposed  under 
Cedar  Mountain  that  have  been  removed  at 
the  rim  of  the  canyon.  These  measurements 
have  not  been  made. 

Although  the  three  subdivisions  of.  the 
Kaibab  limestone  are  everywhere  readily 
distinguishable  from  one  another  they  exhibit 
variations  in  thickness  and  Uthology  as  they 
are  traced  southeastward  through  the  Kaibab 
division  from  Bass  Canyon.  At  Red  Canyon, 
on  the  Hance  trail,  30  miles  southeast  of  Bass 
Canyon,  subdivision  C,  at  the  base  of  the 
formation,  is  75  feet  thick,  whereas  at  Bass 
Canyon  it  is  134  feet  thick.  The  cliff-mak- 
ing bed  of  buff  limestone  at  the  top  of  the 
subdivision  is  about  equally  thick  at  both 
localities,  but  the  alternating  sandstones  and 
limestones  between  this  bed  and  the  Co- 
conino sandstone  have  shrunk  from  86  feet 
at  Bass  Canyon  to  30  feet  at  Red  Canyon. 

Subdivision  B  is  143  feet  thick  at  Red 
Canyon,  practically  of  the  same  thickness  as 
at  Bass  Cannon,  and  the  component  beds  of 
sandstone  differ  very  little  at  the  two  localities. 
The  subdivision  contains  brecciated  sandstone 
at  Red  Canyon,  as  it  does  at  Bass  Canyon, 
but  at  Red  Canyon  the  brecciated  sandstone 


occupies  a  horizon  near  the  middle  of  the  sub- 
division, whereas  at  Bass  Canyon  it  occurs 
at  both  the  middle  and  the  top.  At  Red  Can- 
yon the  brecciated  sandstone  forms  a  bed  15 
feet  thick  and  consists  of  angular  fragments 
of  red  and  buff  sandstone  as  much  as  4  feet  in 
diameter  embedded  in  a  matrix  of  gnarled 
and  twisted  sandstone.  At  this  locality  the 
brecciated  sandstone  appears  to  represent  a 
conglomerate,  not  a  bed  shattered  after  de- 
position and  consolidation.  Undoubtedly  these 
brecciated  beds  are  a  constant  feature  of 
subdivision  B,  for  I  have  seen  them  at  all 
localities  where  I  have  examined  the  sub- 
division between  Bass  Canyon  and  Red  Canyon. 
One  of  these  beds  is  exposed  on  the  Hermit 
trail. 

Subdivision  A  is  355  feet  thick  at  Red 
Canyon  and  292  feet  thick  at  Bass  Canyon,  but 
the  summit  is  eroded  at  both  places,  so  that 
the  differences  in  thickness  may  not  be  signifi- 
cant. At  Red  Canyon,  as  at  Bass  Canyon, 
chert  is  less  abundant  in  the  middle  of  the  sub- 
division than  near  the  base  and  top  and  is 
most  abundant  near  the  top.  The  limestone 
in  the  subdivision  at  Red  Canyon,  however,  is 
not  nearly  so  piu:e  as  it  is  at  Bass  Canyon,  is 
not  prevailingly  crystalline,  and  most  beds  are 
earthy,  sandy,  or  siliceous,  resembling  the  buff 
magnesian  limestone  at  the  top  of  the  Bass 
Canyon  section  rather  than  the  gray  crystalline 
limestone  that  constitutes  the  greater  part  of 
the  subdivision  at  Bass  Canyon.  Thus  sub- 
division A  as  a  whole  becomes  sandier  and  more 
siliceous  southeastward  from  Bass  Canyon. 
The  limestones  are  decidedly  more  sandy  at 
the  Hermit  trail  than  they  are  at  the  Bass 
trail  and  more  sandy  at  Red  Canyon  than  they 
are  at  the  Hermit  trail. 

Fossils, — Fossils  are  very  abimdant  at  many 
horizons  in  subdivision  A.  At  Bass  Canyon 
they  are  most  abundant  in  the  beds  of  gray 
crystalline  limestone  designated  5  and  6  in 
my  section  (p.  27).  The  following  list  of  a 
collection  in  the  possession  of  G.  H.  Girty 
obtained  at  Parusi-Wompats  Spring,  just  north 
of  the  Shinumo  region,  includes  most  of  the 
forms  that  occur  near  Bass  Canyon:** 

Sponges. 

Lophophyllum  n.  sp. 
Crinoid  steins. 
Fistulipora  sp. 


i*  Noble,  L.  F.,  op.  cit.,  p.  71. 
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Meekopoia  sp. 

Stenopora  sp. 

Septopora  sp. 

Polypora  sp. 

Lingulidiscina  convexa? 

Derbya  sp. 

Meekella  pyramidalis. 

Ohonetes  aff.  G.  hillianus. 

Producus  occidentalis. 

Productus  ivesii. 

Productus  aff .  P.  iiginae. 

Productus  Bubhorridus  var.  rugatulus. 

Productus  sp. 

Pugnax  osagensis  var. 

Heterelasma  n.  sp. 

Squamularia  guadalupensis? 

Spiriferiiia  campestris? 

Oompoaita  subtilita. 

Aviculipecten,  2  sp. 

Acanthopecten  occidentalis. 

Pseudomonotis  aff.  P.  hawni. 

Pseudomonotis?  sp. 

Anisopyge  i)erannulata? 

These  and  other  fossils  constitute  the  so- 
called  Productus  ivesii  fauna.  Girty  regards 
this  fauna  as  Pennian  and  tentatively  corre- 
lates the  Eaibab  limestone  with  the  San 
Andres  limestone  in  the  Manzano  group  of 
New  Mexico. 

No  fossils  have  been  found  in  subdivision 
B;  the  sandstone  member  of  the  Kaibab,  but 
a  few  occur  in  subdivision  C.  So  far  as  I  know, 
no  fossils  have  been  collected  and  described 
from  these  two  lower  subdivisions  of  the 
Kaibab  limestone  in  the  Grand  Canyon,  and 
it  is  therefore  conceivable  that  the  lower  part 
of  the  formation  may  contain  a  fauna  differing 
somewhat  from  that  in  the  upper  part.  How- 
ever, Newberry's  section  at  Cataract  Creek  ^ 
mentions  Productus  ivesii  in  beds  equivalent  to 
those  at  the  base  of  subdivision  C.  Inasmuch 
as  the  Hermit  shale  beneath  the  Eaibab  con- 
tains Permian  plant  remains,  no  part  of  the 
Eaibab  can  be  older  than  Permian. 

BEDS  OVERLYING  THE  KAIBAB  LIMESTONE  AT 

CEDAR  MOUNTAIN. 

No  beds  younger  than  the  Eaibab  limestone 
axe  exposed  in  the  wall  of  the  Grand  Canyon  in 
the  Eaibab  division,  but  Cedar  Mountain,  a 
flat-topped  butte  on  the  Coconino  Plateau  only 
2  miles  east  of  the  rim  of  the  canyon  near 
Desert  View  Camp,  is  carved  from  younger 
beds.  These  beds  at  Cedar  Mountain  consti- 
tute two  formations — the  Shinarump  conglom- 

■  Newberry,  J.  S.,  op.  cit. 


erate,  25  feet  thick,  which  makes  a  cliff  en- 
circling the  top  of  the  moimtain  and  determines 
its  flat  summit,  and  the  Moenkopi  formation, 
481  feet  thick,  which  makes  the  slopes  of  the 
moimtain.  The  age  of  these  two  formations  is 
Mesozoic,  the  Moenkopi  being  regarded  as 
Lower  Triassic  and  the  Shinarump  as  probably 
Upper  Triassic.  The  Moenkopi  formation, 
which  is  relatively  soft,  owes  its  preservation  to 
the  hard  Shinarump  conglomerate  that  caps  it. 
Cedar  Mountain  is  accessible  by  a  rather  poor 
road  or  may  be  reached  by  walking  3  or  4  miles 
across  coimtry  from  Desert  View  Camp,  which 
is  connected  with  El  Tovar  by  a  good  road.  It 
is  interesting  not  only  because  it  affords  evi- 
dence that  the  Moenkopi  and  Shinarump  forma- 
tions once  covered  the  Grand  Canyon  region, 
but  because  the  Shinarump  conglomerate, 
which  caps  it,  contains  petrified  wood.  Plate 
XXV,  By  shows  Cedar  Mountain  as  seen  from 
Desert  View  Camp. 

Inasmuch  as  the  formations  in  Cedar  Moun- 
tain are  exposed  within  2  miles  of  the  rim  of  the 
Grand  Canyon  they  may  be  considered  a  part 
of  the  Grand  Canyon  stratigraphic  section,  and 
I  have  therefore  included  a  section  of  them  in 
the  present  report.  This  section,  which  fol- 
lows, is  probably  inaccurate  in  detail,  because 
I  obtained  the  thicknesses  of  the  beds  by  rough 
aneroid  measurement  and  because  the  expos- 
ures of  many  beds  are  poor  owing  to  the  apron 
of  debris  that  cloaks  the  slopes  of  the  mountain. 
However,  the  section  serves  to  give  a  general 
idea  of  the  character  and  succession  of  the  beds. 

Section  of  beds  exposed  on  south  side  of  Cedar  Mountain^ 

Vishnu  quadrangle. 

Feet. 
Shinarump  conglomerate  (Upper?  Triassic):  Hard 
fliliceoufl  conglomerate  or  pebbly  grit 
composed  chiefly  of  pebbles  of  quartz 
or  jasper  embedded  in  a  matrix  of 
quartzose  sand :  caps  Cedar  Mountain  and 
forms  strong  cliff.  Cross-bedded  through- 
out; texture  variable,  some  beds  fine 
grained,  others  coarse  grained.  Rounded 
pebbles  of  white  quartz  a  quarter  of  an 
inch  to  an  inch  in  diameter  predominate 
in  the  coarser  beds;  the  jasper  pebbles  are 
of  different  colors  and  are  banded  and 
vari^ated;  probably  the  jasper  is  petri- 
fied wood.  Several  logs  of  petrified 
wood  are  embedded  in  the  conglomerate. 
The  constituent  pebbles  of  the  conglom- 
erate are  unidentifiable  with  any  rock 
in  the  underlying  Moenkopi 26 
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Feet. 

Unconformity  ( ?) .  The  contact  between  the  Shina- 
rump  cpnglomerate  and  the  underl3ring 
shale  is  concealed  nearly  everywhere  by 
talus.  The  only  exposure  noted,  a  few 
feet  in  horizontal  extent,  shows  conglom- 
erate resting  on  reddish-brown  sandy 
shale;  lithologic  change  from  shale  to 
conglomerate  very  sharp. 

Moenkopi  formation  (Lower  Triassic): 

1.  Slope;  practically  all  covered  by  debris. 

The  few  outcrops  consist  of  thinly 
laminated  reddish-brown  shale  or  shaly 
sandstone 60 

2.  Strong  cliff;  very  massive  reddish-brown 

fine-grained,  strongly  cross-bedded  sand- 
stone         80 

3.  Slope;  soft,  thinly  laminated  tan  to  reddish- 

brown  sandy  shale.  Outcrops  covered 
with  white  saline  efflorescence,  indicating 
the  presence  of  much  saline  material  in 
the  rock 130 

4.  Weak  cliff;  rather  massive  buff  sandstone 

exhibiting  indistinct  cross-bedding 16 

5.  Slope;  thinly  laminated  tan  sandstone  or 

sandy  shale 5 

6.  Cliff;  light  yellowish-buff  to  creamy-buff 

fine-grained  rather  massive  cross-bedded 
sandstone 18 

7.  Long,  gentle  slope  almost  entirely  covered 

b>  talus.  The  few  outcrops  are  mostly 
thinly  laminated  soft  brownish  or  reddish 
shale.  The  upper  part  of  this  member, 
just  under  the  overlying  buff  sandstone, 
is  bright-vermilion  shale;  the  basal  por- 
tion is  slabby  fine-grained  thin-bedded 
sandstone  which  exhibits  lemon  and  tan 
tints  and  is  markedly  calcareous 150 

8.  Tiny  cliff;  greenish-buff^  thinly  laminated 

crystalline  limestone,   somewhat  sandy 

in  places 1 

9.  Slope ;  platy ,  very  thinly  laminated  greenish 

and  brownish-buff  calcareous  shaly 
sandstone,  passing  up  into  brownish-buff 
and  vermilion  beds  of  the  same  character        15 

10.  Curious  gnarly  cherty  bed.    In  places  a 

conglomerate  of  angular  chert  fragments; 
in  places  a  massive  gnarly  sandy  chert. 
Thickness  variable 0-4 

11.  Massive  yellowish-buff  fine-grained  sand- 

stone.   Thickness  variable 0-2 
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Unconformity  (?) .  The  irregularity  of  the  beds  at  this 
horizon  and  the  presence  in  them  of 
brecciated  chert  indicate  a  surface  of 
erosion,  but  the  outcrops  are  not  of  sufii- 
cient  extent  to  afford  conclusive  evi- 
dence. 
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Kaibab  limestone  (Permian) : 

1.  Massive  buff  sandstone  containing  lenses 

of  chert  and  many  casts  of  fossils;  casts  of 
Productusf  are  the  most  abundant. 
Thickness  of  bed  variable  and  its  surface 
appears  wavy 

2.  Partly    concealed    bed,     making    slope. 

Apparently  consists  of  alternating  thin 
layers  of  chert  and  lemon-buff  sand- 
stone    5 

3.  Cliff;  massive  gray  to  buff  sandstone;  cal- 

careous; contains  casts  of  Productusf 7 

4.  Not  measured.    Thin  layers  of  rubbly  chert 

and  fine-grained  lemon-buff  to  pinkish- 
buff  sandstone.  Thickness  at  least  40 
feet.  The  beds  forming  this  cherty 
series  are  plainly  equivalent  to  similar 
cherty  beds  in  the  Kaibab  limestone  that 
are  exposed  in  the  wall  of  the  Grand 
Canyon  just  under  the  rim  at  Desert  View, 
3  miles  away. 

The  section  just  given  may  be  compared 
with  Gregory's  type  section  of  the  Moenkopi 
formation    for    the    Little    Colorado    Valley, 
measured  5  miles  below  Tanner  Crossing,  in  the 
wall  of  the  valley.**    Tanner  Crossing  is  about 
20  miles  southeast  of  Cedar  Mountain.     Both 
sections  include  the  entire  Moenkopi,  with  the 
Shinarump    conglomerate    exposed    above   it 
and  the  top  of  the  Kaibab  limestone  exposed 
below.     Gregory's  section  of  the  Moenkopi  is 
389  feet  thick,  whereas  the  section  at  Cedar 
Mountain  above  the  Kaibab  limestone  measures 
481  feet.     The  Cedar  Mountain  section  difiPers 
from  Gregory's  section  chiefly  in  that  it  con- 
tains massive  beds  of  cross-bedded  sandstone 
in  the  upper  part,  and  it  is  conceivable  that 
this   massive   sandstone   at   Cedar  Mountain 
represents    the    De  Chelly    sandstone  of  the 
Navajo  country,  which,  as  Gregory  has  shown, 
is    sporadic    in    occurrence    and    occupies   a 
stratigraphic  position  between  the  Moenkopi 
formation  and  the  Shinarump  conglomerate. 
However,    great    and    sudden    variability   in 
lithology  both  vertically  and  horizontally  ia 
a  normal  feature  of  the  Moenkopi,  as  Gregory 
has  pointed  out.    Moreover,  cross-bedded  sand- 
stone is  not  uncommon  in  the  Moenkopi,  so  that 
its  presence  at  Cedar  Mountain  is  not  neces- 
sarily significant.     Unconformities  between  the 
Shinarump  and  Moenkopi  and  between  the 
Moenkopi  and  Kaibab  can  not  be  determined 
by  conclusive  evidence  at  Cedar  Mountain, 

o  Gregory,  H.  E.,  op.  dt.,  p.  24. 
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because  the  exposures  of  the  contacts  between 
the  formations  are  of  small  extent,  but  inas- 
much as  Gregory  has  shown  conclusively  that 
these  unconformities  exist  in  the  general 
region  and  are  widespread,  it  is  highly  probable 
that  the  features  I  have  described  as  occuring 
at  the  contacts  between  the  formations  at 
Cedar  Mountain  indicate  their  presence. 

I  obtained  no  fossils  in   the  Moenkopi  at 
Cedar  Mountain,  but  fossils  collected  in  it  by 


Longwell  ^  in  Nevada  and  determined  by 
Girty  show  that  its  age  is  Lower  Triassic. 
Therefore  the  probable  unconformity  between 
the  Moenkopi  formation  and  the  Kaibab 
hmestone  separates  deposits  of  the  Paleozoic 
and  Mesozoic  eras. 

Gregory  •*  has  tentatively  assigned  the  Shin- 
arump  conglomerate  to  the  Upper  Triassic. 

**  Longwell,  C.  R.,  op.  cit.,  p.  50. 
•  Gregory,  H.  £.,  op.  dt.,  p.  41. 


THE  SHAPES  OF  BEACH  PEBBLES. 


By  Chester  K.  Wentworth. 


PURPOSE  OP  THE  STUDY. 

There  is  much  confusion  in  geologic  litera- 
ture as  to  the  shapes  of  ifluvial  and  beach 
pebbles  and  the  differences  between  them,  if 
differences  exist.  Though  the  contrary  has 
been  asserted,  most  geologists  who  have 
written  on  the  subject  appear  to  hold  the  view 
that  beach  pebbles  are  generally  flatter  than 
river  pebbles,  having  discoid,  lozenge-shaped, 
ellipsoid,  or  oval  forms  J  It  is  asserted  by 
some  that  these  forms  are  produced  by  push- 
ing of  the  rock  fragments  to  and  fro  by  the 
waves.'  Others  have  considered  that  the 
shapes  of  the  original  fragments  and  the  in- 
herent structure  of  the  rock  are  dominant  in 
determining  the  shapes  of  beach  pebbles,'  and 
with  this  view  the  writer  is  in  accord.  That 
beach  pebbles,  even  those  composed  of  massive 
igneous  rocks,  are  commonly  of  a  flattened 
oval  form  seems  certain,  as  has  been  stated 
elsewhere,*  but  this  fact  is  probably  to  be 
attributed  to  the  development  of  such  forms 
from  original  flat  fragments  or  from  rocks  of 
schistose  structure  or  to  the  segregation  of 
such  forms  under  the  peculiar  action  of  the 
waves,  rather  than  to  their  production  by  a 
specialized  wave  abrasion. 

Though  many  opinions  on  the  subject  have 
been  expressed,  no  one,  so  far  as  known  to  the 
writer,  has  made  any  quantitative  test  of  the 
development  of  such  shapes  on  a  beach.  It 
was  the  writer's  good  fortxme  during  the  sum- 
mer of  1921  to  visit  two  localises  on  the  At- 
lantic coast  of  New  England  where  pebbles  are 

1  Sueap,  E.,  Der  Boden  der  Stadt  Wien,  pp.  64, 65, 1882  (quoted  from 
Orabaa,  A.  W.,  Principles  of  s  tratigraphy,  p.  685, 1913). 

Hoemes,  R.,  QerOUe  und  Oeschiebe:  K.  k.  geol.  Reichsanstalt  Verh. 
No.  12,  pp.  42 et  seq.,  1911  (quoted from  Orabau,  A.  W.,  op.  cit.,  p.  595). 

Cole,  O.  A.  J.,  Roc'cs  and  their  origins,  p.  71,  Cambridge  Univ.  Press, 
1012. 

Trowbridge,  A .  C,  Classification  of  common  sediments:  Jour.  Geology, 
vol.  22,  p.  435, 1914. 

Stephenson,  L.  W.,  The  (Coastal  Plain  of  North  Carolina:  North  Caro- 
lina Oeol.  and  Econ.  Survey,  vol.  3,  pp.  274-275, 1912. 

Oellde,  A.,  Textbook  of  geology,  vol.  1,  p.  569, 1903. 

>  Suess,  £.,  op.  cit.    Hoemes,  R.,  op.  cit.    Cole,  O.  A.  J.,  op.  cit. 

*  Orabau,  A.  W.,  Principles  of  stratigraphy,  pp.  715-716, 1913. 
Dimn,  £.  J.,  Pebbles,  p.  7,  Sydney,  O.  Robertson  dc  Co.,  1911. 

*  Wentworth,  C.  K.,  (Quantitative  studies  of  the  shapes  of  pebbles  (un- 
published thesis,  Iowa  State  Univ.). 


being  produced  by  wave  abrasion  of  igneous 
rock  in  place.  At  these  localities  he  measured 
more  than  300  pebbles  with  the  hope  of  obtain- 
ing evidence  that  would  be  conclusive,  at  least 
so  far  as  these  localities  are  concerned.  The 
results  obtained  are  presented  on  the  following 
pages.  It  is  the  writer's  hope  that  geologists 
acquainted  with  localities  where  similar  meas- 
urements might  be  made  or  where  conditions 
of  wave  abrasion  are  especially  eflFective  or 
peculiar  will  refer  him  to  such  places. 

BEACH  CONDITIONS. 

The  first  locality  visited  was  at  the  south 
extremity  of  Nantasket  Beach,  at  the  point 
shown  on  the  topographic  map  of  the  Boston 
Bay  quadrangle  under  the  capital  A  of  ''At- 
lantic." Here,  on  the  east  side  of  the  point,  is 
a  beach  about  200  feet  in  length  which  is  com^ 
posed  of  material  ranging  from  sand  to  blocks 
and  boulders  a  foot  or  more  in  diameter.  At 
each  end  the  beach  is  terminated  by  low  prom- 
ontories of  the  local  light-green  to  gray  igneous 
rock,  which  is  included  in  the  Mattapan  vol- 
canic complex  as  mapped  by  Emerson.*  The 
greater  part  of  the  gravel  of  the  beach  is  de- 
rived from  the  adjacent  outcrops,  which  show, 
however,  great  variations  in  type  within  short 
distances,  including  some  pyroclastic  and  sedi- 
mentary derivatives  of  the  igneous  rock.  In 
addition  to  the  local  rock  there  is  a  considera- 
ble admixture  of  pebbles  of  granite,  porphyry, 
breccia,  felsite,  and  many  other  kinds  of  igneous 
rock  from  other  parts  of  eastern  Massachusetts 
which  have  been  transported  by  glacial  ice, 
by  streams,  and  by  shore  currents.  The 
general  character  of  the  beach  gravel  is  shown 
in  Plate  XXVI.  The  conditions  of  abrasion 
at  this  point  are  those  of  a  pocket  beach.  The 
tides  rise  and  fall,  shifting  the  zone  of  abrasion 
by  several  feet  in  height  and  about  76  to  100 
feet  horizontally.  Storm  waves  break  high 
over  the  north-south  beach  ridge  and  both  ad- 
jacent rock  promontories.  Gravel  is  not  trans- 
ported to   any  extent  from  the  beach,   either 

ft  Emerson,  B.  K.,  U.  S.  Oeol.  Survey  Bull.  597,  p.  200, 1917. 
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alongshore  or  out  to  deep  water,  and  remains 
indefinitely  in  the  zone  of  effective  abrasion. 
The  coast  at  this  place  trends  northwest,  and 
the  beach  is  exposed  to  the  full  force  of  waves 
from  the  northeast,  but  not  so  much  to  those 
from  south  of  east. 

The  site  of  the  second  series  of  measurements 
was  the  rocky  shore  at  the  entrance  to  New 
Haven  Harbor,  near  Fort  Hale,  Conn.  Here, 
for  a  distance  of  several  himdred  feet,  is  a  wave- 
cut  cliff  and  abrasion  platform  cut  in  the  end  of 
a  north-south  ridge  of  Triassic  trap  that 
reaches  the  shore.  Along  the  cliff  and  strewn 
in  both  directions  on  the  beach  is  considerable 
gravel  composed  of  trap  from  the  local  ex- 
posing. This  gravel  extends  only  a  few  hun- 
dred feet  in  each  direction,  giving  way  to  sand 
and  finer  materials.  Mingled  with  the  trap 
pebbles  of  the  gravel  are  a  few  pebbles  and 
larger  pieces  from  the  glacial  till  that  overlies 
the  bedrock  at  the  top  of  the  cliff  and  is  exposed 
lower  down  along  the  adjacent  parts  of  the 
shore.  These  are  readily  identified  by  inspec- 
tion. The  general  character  of  the  shore  and 
gravel  at  this  point  is  shown  in  Plate  XXVII. 

On  this  beach  wave  action  is  far  less  effective 
as  an  agent  of  abrasion  than  at  Nantasket. 
Not  only  are  the  waves  in  this  part  of  Long 
Island  Sound  less  violent  than  those  of  the 
Atlantic  Ocean  at  Nantasket,  but  the  pebbles 
here  are  not  confined  in  a  pocket  beach. 

METHODS  OF  MEASUREMENT. 

Three  diameters  mutually  at  right  angles 
were  measiured  for  each  pebble  with  a  steel 
tape.  The  radius  of  curvature  of  the  sharpest 
edge  of  each  was  measured  with  the  convexity 
gage  described  elsewhere.^  All  measurements 
were  in  millimeters.  The  data  were  recorded 
in  several  groups  as  follows: 

Nantasket:  Pebbles. 

A.  Random  selection,  all  materials 61 

B.  Miscellaneous  rock  types: 

Quartzite 20 

Red  porphyry 20 

Black  porphyry 10 

Granite 10 

—    60 

C.  Local  volcanic  rock 80 


Fort  Hale : 

D.  Local  trap. 


201 
101 


•  Wentwortb,  C.  K.,  Quantitative  studies  of  the  shapes  of  pebbles 
(unpublished  thesis,  Iowa  State  Univ.),  p.  61,  1921.  See  also  Went- 
wortb, C.  K.,  The  shapes  of  pebbles:  U.  S.  Oeol.  Survey  Bull.  730,  pp. 
01-114, 1922. 


LABORATORY  DETERMINATION&L 

The  relative  resistance  of  the  local  rocks  at 
the  two  beaches  was  determined  by  an  abra- 
sion test  in  the  tumbling  mill.  Four  pebbles 
of  each  rock  were  ground  at  one  end  on  a  lap 
to  a  sharp  90°  edge.  They  were  then  sub- 
jected to  abrasion  in  the  mill  for  a  total  dis- 
tance of  about  80  miles.  Measurements  of  the 
convexity  of  the  prepared  edge  were  made  at 
intervals,  and  the  resulting  data  were  used  in 
comparing  the  durability  of  the  two  types  of 
rock. 

COMPUTATIONS. 

Computations  were  made  as  follows  for  each 
pebble: 
Mean  diameter,^  computed  approximately  by 

the  formula  D^</D'D"D'"  where  D',  D", 
and  D"'  are  the  length,  breadth,  and  thick- 
ness as  measured  in  the  field. 

Roundness  ratio,  15  =  -^'  where  fj  is   the 

radius  of  curvature  in  millimeters  of  the 
sharpest  edge  and  R  is  the  mean  radius  of  the 
pebble. 

Flatness  ratio,     ^r%n^    or  the  average  of  the 

length  and  breadth  divided  by  the  thickness. 
All  these  values  were  computed  to  two  sig- 
nificant figures  by  the  use  of  graphic  charts. 
Further  description  of  these  ratios  and  methods 
of  computation  has  been  given  elsewhere.* 

RESULTS. 

The  results  of  the  measurements  are  plotted 
on  the  graphs  of  figures  5  to  10.  The  varia- 
tions of  the  roundness  ratios  are  so  great  that 
for  practical  considerations  it  seems  better  to 
average  these  ratios  by  subgroups.  These 
averages  were  made  as  described  below,  and 
the  subgroups  are  indicated  by  the  lai^e  dots 
in  figure  5  and  by  all  the  dots  in  figures  6  to  10, 
where  the  number  of  pebbles  represented  by 
each  dot  is  shown  by  the  small  accompanying 
figures.     In  the  subgroups  marked  X  under 

1  The  writer's  use  of  the  term  "mean  diameter  "  is  open  to  the  o)]!)ee- 
tioQ  that  in  the  use  of  the  approximate  fCHinula  given  above  the  trae 
value  of  the  arithmetic  mean  of  all  diameters  (the  ideal  coooept  of  the 
term)  is  not  derived.  The  writer  does  not  consider  the  objection  to  be 
serious,  for  it  applies  in  varying  degree  to  all  physical  coostants  that 
are  based  on  empirical  data.  It  is  customary  to  speak  of  the  values 
derived  for  these  constants  as  the  theoretical  constants  themselves,  and 
the  common  practice  seems  not  to  be  tmduly  confusing.  Therefore,  in 
the  following  pages  where  the  term  "  mean  diameter  "  is  used,  the  actual 
numerical  values  are  understood  to  be  approximAtions  to  the  trae  aritli- 
metical  mean  of  all  diameters. 

«  Wentworth,  C.  K.,  The  shapes  of  pebbles:  U.  S.  Oeol.  Survey  BoIL 
730,  pp.  91-114, 1922. 


PROFEHRIONAL  P 


A.  GRAVEL  IN   POCKET  BEACH  SOUTH  OF  NANTASKETr,  MASS. 


B.  GRAVEL  AND  JOINTED  BOCK  OF  PROMONTORY  SOUTH  OF  NANTASKET,  MASS. 


PLATE  XXV II 


.  BEACH  AT  FOBT  HAl.K.  CONN. 

ha  middla  dkUooo  ■  tlw  <wuna  oT  pdMe  m 


NEAR  VIEW  OF  CLIFF  OF  Ji 


THE  SHAPES  OF  BEACH   PEBBLES, 


Dfra  ntl«  ^  (abadma)  al  SI  pebbles  or  group  A  at  Nantaakat,  Uas9. 
Lvxa  dDU  allow  avnage  pOEltlaiis  tat  subcroupa  of  pebblaa.  (Soe 
flg.  8.) 


'Method  of  compnting  averagee"  in  the  fol- 


lowing table  the  values  of 


D'  +  D" 


for  all  the 


pebbles  of  the  subgroup  were  averaged  arith- 
metically for  the  ordinate,  and  the  mean  of 

the  limits  of  ^  for  the  8u%roup  was  used  for 

abscissa.    In  the  subgroups  marked   Y   the 

values  of  -=-w>,/-  were  averaged  similarly  for 

the  ordinate  and  the  values  of  ^  for  all  the 

pebbles  of  the  subgroup  were  averaged  arith- 
metically  for  the  abscissa.    Method  X  was 

used  for  the  subgroups  in  which  values  of  -4 

were  fairly  uniformly  and  thickly  distributed; 
method  Y  was  used  for  subgroups  in  which  a 
few  erratic  points  needed  to  be  averaged. 
The  subgroup  limits  were  chosen  to  avoid  as 
far  as  possible  very  small  subgroups  or  very 
great  differences  in  the  number  of  pebbles  in 
adjacent  subgroups.  No  data  were  rejected, 
and  every  measurement  taken  in  the  field  is 
represented  in  the  averages  here  presented. 


Fmvu  S. — Giapb  ihawlDg  Bataaaa  and  niiiiHlDess  01  61  pcbMM  of  group  A.     Tbt  t 

the  roundncoa  ratio  ^  as  tha  Bbacbaa.    tot  simplicity,  the  pebbles  are  amoged  In  subgn 
tba  nmnber  ot  pebbln  Indicated  bf  tbe  small  figuna.    II  Is  apparaat  that  as 
91048°— 23 6 


Is  plotted  as  tbe  ordinate  and 


•s,  and  each  large  dot  shows  the  m 


8H0BTEB  CONTBIBUTIOKB  TO  QBNBBAL  QBOLOOT,  19SL 


Flaw  I-— Onph  showliic  Satnma  aad  romilneBa  lUIca  of  pabbks  <tf  gioap  B.    Var  tipkDaOaa,  iMifliiiiii  n 


FntnUS^ — Qnph  abowlDg  tUtnm  and  raundnH  ndciB  of  psbbln  of  group  C.    Fv  tT'T"*""".  "*  SIiinS. 


W 


■i 

nouuV^-OnpbihoirLBstlatDgn  and  rouadneas  n>l<s  of  iwbblH  of  groups  A,  B,  and  C  cooiUiud.    ttt  aiphniltai, «»  fltoreft. 


nouBS  10.— Oiapb  dnwing  BXLnaa  and  nmadaia  nOm  at  pebbles  olgnup  D.    For  axplaiiMlOO,  M*  Ofon  t. 
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Method  of  computing  atferagesfor  mbgroupM, 


Method 

Graph. 

Group. 

Bab- 
group. 

of  com- 
putiDg. 
aver- 
ages. 

f    1 

0. 01-0.  05 

Figures  5  and  6,  five 
huge  dots  at  left... 

2 

.06-  .10 

A 

3 

.  11-  .  15 

1    ^ 

4 

.16-.  20 

5 

.  21-  .  25 

Figures    5    and    6, 
laige  dot  at  right. . 

A 

6 

.26  and 
over 

Y 

7 

.06-  .15 

Figure  7,  all  dots 

B 

8 

9 

10 

.  16-  .  25 
.26-.  35 
.36-  .45 

X 

• 

f  11 

.  01-  .  15 

Figures,  all  dots.... 

C 

12 

13 

14 

(  15 

.  16-  .  25 
.  26-  .  35 
.  36-  .  45 
.  01-  .  05 

r 

* 

16 
17 
18 

.06-  .10 
. 11-  .  15 
.  16-  .  20 

Figure  9,  all  dots.... 

A,B,C 

19 
20 
21 
22 

.  21-  .  25 
.26-  .30 
.  31-  .  35 
.36-  .40 

X 

I  23 

.  41-  .  45 

Figure  10,  four  dots 
at  left 

D 

24 
25 
26 

.  02-  .  05 
.06-  .09 
.  10-  .  14 

X 

27 

.  15-  .  19 

Figure   10,   dot  at 

riifht 

D 

28 

.  20-  .  45 

Y 

Roundness  and  flatness  ratios  of  pebbles, 
Groap  A,  llgiirea  6  and  •. 


Subgroup. 

R 

BD'" 

Abedaaa  and  ordinate. 

1 

0.01 
.05 
.03 
.03 
.03 
.05 
.05 
.05 
.03 

.07 
.07 
.09 
.08 
.08 
.10 
.06 
.06 
.10 
.09 
.07 
.09 
.09 
.06 

2.7 
2.2 
3.6 
3.0 
4.1 
3.8 
4.6 
3.4 
4.9 

Method  X,  absriflsa  0.03; 
ordinate  (32.3-1-9)  3.59. 

32.3 

2 

3.9 
2.7 
2.9 
6.5 
1.8 
6.3 
5.2 
2.5 
3.0 
2.1 
5.5 
2.0 
2.0 
2.6 

Method  X,  abscissa  0.08; 

ordinate  (49.0-1-14)  3.50. 

49.0 

Roundness  and  flatness  ratios  of  pe6&{e»— Continued.   ' 
Groap  A.  flgoraa  5  and  6— Continued. 


Subgroup. 

9 

sjy" 

Abscissa  and  ordinate. 

ro.i2 

3.1 

.12 

1.7 

.11 

3.4 

.12 

5.0 

.11 

1.5 

.12 

4.0 

.12 

3.5 

3 

.12 
.11 

2.2 
2.5 

Method  X,  absdasa  0.13: 

ordinate  (35.5-«-13)  2.73. 

.15 

2.2 

.12 

2.0 

.13 

2.9 

.11 
.17 

1.5 

35.5 

2.9 

.19 

5.5 

.18 

3.0 

.19 

5.0 

.18 

2.0 

4*. 

.19 

2.5 

Method  X,  absdna  0.18; 

.20 

1.4 

ordinate  (25.2-^9)  2.80 

• 

.19 

1.2 

.17 
'  .22 

1.7 

25.2 

2.5 

.22 

2.8 

.21 

2.0 

.24 

2.1 

5 

.25 

1.6 

.  Method  X,  abscissa  0.23: 

.25 

2.4 

ordinate  (i4.9-i-7)  2.13. 

.24 
.28 

1.5 

14.9 

2.5 

.26 

2.5 

.32 

1.9 

.40 

1.3 

.40 

2.2 

Method  Y,  abscissa  (3.20 

6 

.50 

1.2 

\      -i-9)     0.355;     ordinate 

.30 

1.9 

(16.7-H9)  1.86. 

.36 

1.3 

.38 

1.9 

3.20 

16.7 

Groap  B,  flfnre  7. 


0.13 

1.3   ^ 

.08 

1.9 

.09 

1.7 

.14 

1.4 

.09 

1.8 

.13 

1.5 

.09 

3.2 

.13 

2.2 

.11 

1.8 

.14 

1.6 

.15 

1.3 

19.7 

Method  X.  absdssa  0.105; 
ordinate  (19.7-Hll)  1.79. 
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Roundnen  and  flatness  ratios  of  pehbUs — Continued. 
Group  B,  llgwe  7— Continued. 


Subgroup. 

r\ 
1? 

Abscissa  and  ordinate. 

0.19 

1.7 

.25 

2.0 

.23 

2.1 

.21 

2.6 

.22 

2.2 

.23 

1.2 

.24 

1.4 

r 

.18 

1.6 

.19 

1.9 

.25 

1.2 

.18 

1.5 

8 

.16 
.20 
.19 

1.6 
1.6 
1.2 

Method  A,  absdsBa  0.205; 

ordinate  (37.4-*-22)  1.70. 

.16 

1.2 

.19 

1.8 

.25 

1.4 

.23 

2.2 

.22 

1.2 

.16 

1.9 

.21 

2.0 

.22 
.32 

1.9 

« 

37.4 

2.0 

.26 

1.4 

.34 

1.5 

.30 

1.5 

.26 

1.6 

.26 

1.8 

.26 

1.8 

.34 

1.8 

.28 

1.7 

.32 

1.8 

.30 

1.6 

^Method  X,  abfldssa  0.306; 

9 

.26 

2.0 

I     ordinate  (32.5-«-20)  1.63. 

.26 

1.9 

.32 

1.8 

.28 

1.4 

.26 

1.7 

.30 

i.r 

.32 

1.1 

.32 

1.5 

.28 
.45 

1.5 

32.5 

■ 

1.3 

.40 

1.5 

10 

.38 
.42 
.40 

1.4 
1.3 
1.2 

Method  X,  abBcissa  0.405; 
'    ordinate  (9.9-*-7)  1.41. 

.45 

1.6 

.45 

1.6 

9.9 

Grovp  C,  flgnre  8. 


11 


f0.05 

2.5  \ 

.03 

2.0 

.02 

2.3 

<  .04 

3.2 

.05 

3.3 

.02 

3.8 

1.04 

3.4 

Roundness  and  flatness  ratios  of  pebbles — Continued. 
Gr«Nip  C  figure  8— Continued. 


Subgroup. 

R 

tD'" 

Absciaaa  and  ordinate. 

f0.05 

3.2 

.13 

2.2 

.08 

1.8 

.13 

2.2 

.14 

3.1 

.07 

4.7 

.10 

1.2 

.12 

2.2 

.10 

2.4 

.15 

2.1 

.10 

1.5 

.15 

1.7 

.08 

3.9 

.12 

2.6 

.08 

2.3 

11.— Contd. 

.14 

3.1 

Method  X,  absoiaBa  0.08; 

.12 

2.2 

ordinate  (102.7-1-36)  2.85. 

.14 

7.1 

.15 

3.3 

.14 

3.0 

.10 

2.7 

.14 

3.7 

.07 

3.4 

.09 

2.4 

.08 

2.3 

.09 

3.9 

.11 

3.7 

.08 

2.0 

.13 
.16 

2.2 

102.7 

2.2 

.16 

1.2 

.25 

4.3 

.22 

2.5 

.16 

1.7 

.20 

4.0 

.16 

1.8 

.18 

2.8 

.20 

1.8 

.22 

3.5 

.17 

1.9 

.21 

4.5 

.24 

2.5 

.18 

5.3 

.18 

2.1 

.23 

1.8 

.17 

1.7 

.22 

1.7 

Method  X,  abecisBa  0.206; 

12 

.22 

1.7 

*    ordinate  (90.5-h34)  2.66. 

.16 

1.9 

^^  ^^     ^■^P^B.^VHP^P^P  ^^^^F          ^  ^^     ^^     ^    ^^                            ^^^     ^^    M          ^^^W  ^    ^^^  ^^^  V 

.18 

2.3 

.23 

1.3 

.17 

3.1 

.19 

2.0 

.16 

2.7 

.19 

5.5 

.25 

3.2 

.18 

2.5 

.20 

2.8 

.18 

3.2 

.25 

2.0 

.16 

2.3 

.17 

3.5 

.17 

3.2 

90.5 
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Roundness  andfiatness  ratios  of  pebbles — Continued. 
Gronp  C,  figure  8— Continued. 


Subgroup. 


13. 


14. 


15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 


15 


0.32 
.26 
.28 
.26 
.34 
.26 
.26 
.26 


jy+J) 


// 


.45 
.40 


1.5 
2.1 
3.3 
2.7 
1.8 
2.1 
1.9 
2.3 


Abscissa  and  ordinate. 


17.7 


1.9 
2.0 


Method  X,  abscissa  0.305; 
'     ordinate  (17.7-*-8)  2.21. 


3.9 


Method  X,  abscissa  0.405; 
ordinate  (3.9-*-2)  1.95. 


Groapa  A,  B»  and  C  combined,  Agnre  9.  a 


56.0 
95.1 
88.1 
100.4 
67.6 
40.1 
19.0 
12.8 
8.9 


Abscissa  0.03;  ordinate 

(56.0-*-17)  3.29. 
Abscissa  0.08;  ordinate 

(95.1-^32)  2.98. 
Abscissa  0.13;  ordinate 

(88.1-4-34)  2.59. 
Abscissa  0.18;  ordinate 

(100.4-5-41)  2.45. 
Abscissa  0.23;  ordinate 

(67.6H-31)  2.18. 
Abscissa  0.28';  ordinate 

(40.1-^-21)  1.91. 
Abscissa  0.33;  ordinate 

(19.0-1-11)  1.73. 
Abscissa  0.38;  ordinate 

(12.8-H8)  1.60. 
Abscissa  0.43;  ordinate 

(8.9-1-6)  1.48. 


Gnrap  D,  figure  10. 


f0.02 

2.1 

.02 

2.5 

.03 

2.3 

.03 

1.8 

.03 

1.8 

.04 

2.7 

.06 

2.9 

.05 

1.9 

.04 

2.7 

.02 

2.3 

24 

.03 

1.6 

.02 

2.4 

.03 

1.9 

.02 

2.7 

.03 

2.5 

.04 

1.8 

.02 

3.1 

.02 

2.8 

.05 

4.0 

.04 

1.7 

.05 

1.5 

.05 

2.0 

Roundness  and  flatness  ratios  of  pebbles — Continued. 
Group  D,  flgnre  10— Continued. 


a  The  averages  for  subgroups  15  to  23  were  computed  by  method  X. 
The  measurements  for  the  individual  pebbles  that  fall  in  tne  subgroups 
are  given  above  and  are  therefore  not  repeated.  The  figures  in  the  third 
column  represent  the  totals  from  which  the  averages  were  obtained. 


Subgroup. 

ri 
R 

2jy" 

Abscissa  and  ordinate. 

f0.03 

1.8 

.03 

2.0 

.04 

2.7 

.04 

2.4 

.02 

1.6 

.04 

2.4 

.05 

2.2 

.04 

1.1 

.04 

1.7 

.05 

2.0 

.04 

1.4 

24.-Contd. 

.04 
]  :04 

3.1 
3.3 

Method  X,  absnissa  0.035; 
)    ordinate  (97.1-1-43)  2.26. 

.05 

1.4 

.02 

2.0 

.04 

2.7 

.03 

1.7 

.03 

3.6 

.05 

2.6 

.03 

2.0 

.03 
.06 

2.4 

97.1 

1.6 

.09 

1.2 

.09 

2.0 

.07 

1.7 

.06 

2.7 

• 

.06 

2.9 

.09 

1.2 

.06 

3.0 

.09 

1.8 

.07 

1.7 

• 

.07 

1.8 

• 

.07 

3.5 

25 

.07 
.07 
.06 

1.3 
1.8 
2.4 

Method  X,  abscissa  0.075; 

ordinate  (53.6+24)  2.23. 

.06 

2.2 

.08 

1.6 

.09 

2.9 

.08 

2.2 

.08 

1.4 

.09 

3.2 

.08 

1.3 

.08 

4.2 

.07 

r  .12 

4.0 

53.6 

1.7 

J 

.12 

1.8 

.10 

2.5 

.13 

2.0 

.12 

1.2 

.14 

2.1 

.13 

2.2 

26 

.12 
.10 

2.1 
1.4 

Method  X,  abscissa  0.12: 

.11 

1.7 

ordinate  (29.3-^14)  2.09. 

.10 

1.7 

.10 

3.0 

.12 

2.7 

.14 

1 

3.2 

• 

29.3 
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Roundness  and  flatness  ratios  of  pebbles — Continued. 
Group  D,  flgnra  10— Continued. 


Subgroup. 

R 

Abscissa  and  ordinate. 

27 

f0.15 
.17 
.19 
.19 
.16 
.16 
.15 
.15 
.18 
.17 
.16 
.16 

.23 
.30 
.20 
.46 

•^ 
.20 

.24 

.21 

L4 
2.9 
2.2 
L2 
L8 
L7 
3.2 
1.2 
3.1 
LI 
2.5 
L4 

Method  X,  abscinfla  0.17; 

ordinate  (23.7-1-12)  1.97. 

23.7 

28 

L7 
2.7 
2.2 
L8 
2.0 
L6 
L9 
L5 

Method  Y,ab8ciRfla  (2.17h- 
►    8)  0.271 ;  ordinate  (15.4-t- 
8)  1.92. 

,2.17 

1 

15.4  , 

It  is  evident  that  in  each  one  of  the  five 
groups  of  pebbles  the  flatness  and  roundness 
of  edges  stand  in  inverse  relation — that  is,  the 
more  rounded  the  edges  the  less  flat  the  pebbles. 
It  is  valid  to  assume  that  the  pebbles  with 
rounder  edges  have  been  longer  affected  by 
wave  action  than  those  with  sharper  edges. 
The  former,  which  have  been  on  the  beach 
longer,  are  less  flat  than  the  latter,  which  have 
been  a  shorter  time  on  the  beach  and  are  nearer 
to  their  original  shape.  It  is  conclusively 
proved  that  at  these  two  beaches  the  pebbles 
become  less  flat  as  abrasion  proceeds  and  that 
any  predominance  of  flat,  discoid  fonns  is  to  be 
attributed  to  the  flatness  of  the  original  frag- 
ments resulting  from  the  current  processes  of 
disruption.  Likewise  the  rather  common  roller- 
shaped  cobbles  and  pebbles  are  the  result  of  the 
rounding  and  smoothing  of  original  elongate 
fragrSs,  as  suggested  by  theories  show^  in 
Plate  XXVI,  (7,  and  evidence  that  these  shapes 
are  the  result  of  any  special  sort  of  abrasion  or 
motion  was  not  seen  by  the  writer. 

The  data  are  insufficient  to  warrant  drawing 
ideal  curves  correlating  the  diminution  of 
flatness  with  the  increase  of  roimdness,  but  the 
definite  trend  described  above  is  established 
for  the  two  localities  visited.  In  figures  1 1  and 
12   are  shown  diagrammatically  the  average 


shapes  of  the  extreme  pebble  subgroups  at  the 
two  locahties  with  regard  to  both  the  flatness 
and  the  roundness.  In  each  of  these  fisnires 
the  flatness  and  roundness  shown  in  the  upper 
and  lower  diagrams  are  those  of  the  subgroups 
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Figure  n.^DiagraiiLs  showing  average  flatness  and  roimdness  of  most 
angular  and  most  rounded  subgroups  of  pebbles  of  group  C  at  Nan- 
tasket,  Mass.  Top  diagram  represents  these  values  for  the  average  of 
the  36  pebbles  of  the  left-band  subgroup  of  figure  8.  Bottom  diagram 
represents  these  values  for  the  two  pebbles  of  the  right-hand  subgroup 
of  figure  8. 
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Sizes  are  arbitrary,  but  dimensions  show  true  flatness  and  roundness 
ratios  as  indicated  in  the  equation  above. 

represented  by  the  dots  at  the  extreme  left  and 
extreme  right  of  figures  8  and  10,  respectively. 
It  will  be  noted  that  the  Nantasket  material 
yields  flatter  original  fragments  than  that  at 
Fort  Hale.  This  is  a  result  of  factors  related 
to  the  structure  of  the  rocks  and  the  processes 
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Figure  12.— Diagrams  showing  average  flatness  and  roandneBs  of  most 
angular  and  most  rounded  subgroups  of  pebbles  of  group  D  at  Fort 
Hale,  Conn.  Top  diagram  represents  these  values  fbr  the  avenifce  of  the 
43  pebbles  of  the  left-hand  subgroup  of  figure  la  Bottom  diagram  rep- 
resents these  values  for  the  8  pebbles  of  the  right-hand  subgroup  oi 
figure  10.    Notation  same  as  in  figure  11. 

and  conditions  of  disruption.  The  writer  has 
not  yet  made  a  study  of  this  important  aspect 
of  the  problem. 

Comparisons  of  the  average  roundness  of  the 
several    groups    follow.     All    the    pebbles    of 
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group  B  and  some  of  those  of  group  A  are  at 
an  unknown  distance  from  their  source,  and 
little  can  be  said  about  them  except  that  they 
axe  rounder  as  a  whole  than  those  of  groups 
C  and  D  shown  in  figures  8  and  10.  Between 
those  of  groups  C  and  D  an  interesting  com- 
parison can  be  made.  The  pebbles  of  group  C 
are  much  rounder  and  indicate  more  travel  or 
abrasion  than  those  of  group  D.  On  compar- 
ing the  average  roundness  of  the  two  groups 
on  the  basis  of  his  previous  studies  of  the  rela- 
tion between  abrasion  and  the  roundness 
ratio'  the  writer  finds  that  the  pebbles  of 
group  C  (Nantasket)  indicate  greater  wear  by 
abrasion  than  those  of  group  D  (Fort  Hale)  in 
the  approximate  ratio  of  3.4  to  1.  It  was 
found  by  abrasion  tests,  however,  that  the 
Nantasket  rock  requires  much  more  abrasion 
to  produce  a  given  degree  of  rounding  than  the 
Fort  Hale  rock.  The  ratio  is  approximately  5. 
On  multiplying  this  ratio  by  the  ratio  given 
above,  we  find  that  the  average  pebble  at  Nan- 
tasket represents  about  17  times  the  amount 

•  Wontworth,  C.  K.,  The  shapes  of  pebbles:  U.  S.  Oeol.  Survey  Bull. 
730,  pp.  91-114,  1022. 


of  abrasion  that  those  at  Fort  Hale  have  re- 
ceived. The  ratio  is  a  result  of  two  factors — 
the  violence  of  wave  action  and  the  effective- 
ness of  retention  of  the  same  pebbles  in  the 
zone  of  wave  action. 

Although  the  writer  has  ventured  to  ex- 
press the  ratios  in  nimierical  form,  he  does  not 
wish  to  convey  any  false  impression  as  to  their 
accuracy.  He  is  aware,  probably  more  clearly 
than  the  reader,  of  the  extreme  complexity  of 
the  problem,  which  involves  a  large  number  of 
imknown  factors.  The  figures  given  are  be- 
lieved to  be  within  25  per  cent  of  the  truth, 
and  it  is  hoped  they  may  provoke  more  accu- 
rate and  extensive  investigation. 
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A  GEOLOGIC  RECONNAISSANCE  IN  THE  GULF  COASTAL  PLAIN  OF 

TEXAS,  NEAR  THE  RIO  GRANDE. 


By  A.  C.  Trowbbidge. 


INTRODUCTION. 

During  June,  July,  and  August,  1919,  part 
of  June  and  all  of  Jtdy  and  August,  1920,  and 
parts  of  July  and  August,  1921,  the  writer, 
assisted  by  A.  G.  Maddren  in  1919  and  by 
W.  S.  Glock  and  Lloyd  North  in  1920,  and 
associated  with  L.  W.  Stephenson,  E.  W.  Berry, 
E.  B.  Stiles,  and  Sefior  Enrique  Dfaz  Lozano 
in  1921,  carried  on  reconnaissance  work  along 
the  Rio  Grande  in  the  southern  extremity  of 
Texas.  As  there  seems  to  be  immediate  need 
for  a  map  and  a  brief  description  of  the  for- 
mations on  the  Texas  side  of  the  Rio  Grande, 
to  serve  as  a  key  for  important  stratigraphic 
work  in  progress  both  in  the  United  States  and 
Mexico,  it  has  been  decided  to  prepare  and  pub- 
lish now  a  preliminary  report  and  map,  which 
will  show  the  general  results  of  the  work 
already  done. 

For  aid  in  the  preparation  of  this  report  the 
writer  is  indebted  to  Dr.  T.  W.  Vaughan,  imder 
whose  direction  the  field  studies  were  made 
and  the  report  was  prepared;  to  Dr.  Julia 
Gardner,  who  identified  the  moUuscan  faunas; 
to  Prof.  E.  W.  Berry,  who  aided  in  the  collec- 
tion of  the  floras  and  identified  them;  to  Dr. 
J.  A.  Udden,  who  kindly  supplied  well  logs 
from  the  files  of  the  Bureau  of  Economic  Geo- 
logy and  Technology  of  the  University  of  Texas; 
to  Mr.  C.  L.  Baker,  with  whom  the  writer  has 
carried  on  correspondence  and  from  whom  he 
has  received  information  and  suggestions ;  to  Mr. 
G.  C.  Matson,  who  has  already  covered  the  field 
and  whose  field  notes  and  maps  were  available 
for  the  writer's  use;  to  Mr.  E.  T.  Dumble,  who 
freely  gave  his  opinion  on  several  difficult  ques- 
tions ;  and  to  Mr.  Alexander  Deussen,  who  by  oral 
conference  and  by  correspondence  gave  valu- 
able assistance.  Eighty-two  published  articles 
that  bear  more  or  less  directly  on  the  problems 
of  the  region  were  freely  consulted. 


GEOGRAPHY  OF  THE  REGION. 

The  region  here  considered  is  bordered  on 
the  south  and  west  by  the  Rio  Grande  which 
forms  the  International  Boundary,  a  part  of 
its  eastern  border  is  the  Gulf  of  Mexico,  and  on 
the  northwest  and  north  it  is  limited  by  the 
line  of  contact  between  the  Cretaceous  and 
Tertiary  systems  as  mapped  by  Stephenson.* 
Roughly  sketched,  this  line  of  contact  extends 
from  a  point  about  5  miles  south  of  Uvalde, 
in  Uvalde  County,  westward  and  southwest- 
ward  through  PuUiam,  in  the  same  county, 
and  thence  southwestward  and  southward 
through  Maverick  Coimty  to  a  point  on  the 
Rio  Grande  about  3  miles  north  of  the  Ma- 
verick-Webb county  line  and  about  35  miles 
downstream  from  Eagle  Pass.  The  eastern, 
northeastern,  and  northern  boxmdary  of  the 
area  considered  is  represented  by  a  line  drawn 
from  a  point  about  5  miles  south  of  Uvalde 
nearly  southward  to  Carrizo  Springs,  in 
Dimmit  County,  thence  southeastward  to 
Hebbronville,  in  Jim  Hogg  County;  thence 
eastward  through  Falfurrias,  in  Brooks  Coimty, 
and  Sarita,  in  Willacy  County,  to  the  Gulf  of 
Mexico.  •  This  line  corresponds  in  part  with 
the  south  and  west  boundary  of  a  large  area 
southwest  of  Brazos  River  that  was  surveyed 
by  Deussen,  whose  report  is  now  in  press.' 
The  counties  included  in  the  Rio  Grande 
region  are  extreme  south-central  Uvalde, 
western  Zavalla,  eastern  Maverick,  western 
Dimmit,  and  all  or  most  of  Webb,  Zapata, 
Jim  Hogg,  Starr,  Brooks,  Hidalgo,  Willacy, 
and  Cameron.  The  total  area  considered  is 
about  13,500  square  miles,  nearly  one  twentieth 
of  the  State  of  Texas. 


1  StephensoQ,  L.  W.,  The  Cretaceous-Eocene  contact  in  the  Atlantic 
and  Gulf  Coastal  Plain:  U.  S.  Geol.  Survey  Prof.  Paper  90,  pi.  15, 1915. 

<  Deussen,  Alexander,  Geology  of  the  Coastal  Plain  region  of  Texas: 
U.  S.  Geol.  Survey  Prof.  Paper  126. 
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The  region  defined  above  lies  wholly  within 
the  Rio  Grande  Plain  of  Hill  and  Vaughan.' 
The  Balcones  faulted  zone,  which  separates^ 
this  plain  from  the  Edwards  Plateau,  lies  20 
to  75  miles  north  of  the  Cretaceous-Eocene 
line.  At  the  landward  edge  of  the  territory 
the  elevation  above  the  Gulf  averages  about 
800  feet,  and  from  this  elevation  there  is  a 
gradual  slope  to  sea  level  at  the  Gulf.  Al- 
though no  part  of  the  region  has  high  relief, 
the  part  along  the  Rio  Grande  from  the  Webb- 
Maverick  county  line  to  Fort  Sam  Fordyce 
is  notably  rougher  than  that  farther  away  from 
the  river  and  that  along  the  Gulf. 

The  rough  belt  near  the  river  is  commonly 
spoken  of  as  '*  the  breaks  of  the  Rio  Grande,'' 
and  its  roughness  is  due  to  the  erosional  work 
done  by  many  intermittent  tributaries.  The 
width  of  the  belt  is  not  the  same  throughout 
but  is  determined  in  any  area  by  the  length 
of  the  tributary  streams  there.  These  streams 
average  not  more  than  15  miles  in  length,  but 
as  most  of  them  have  only  shallow  valleys  in 
their  upper  stretches  the  "breaks"  they  form 
are  generally  less  than  15  miles  wide.  Al- 
though the  relief  at  most  places  in  this  belt 
does  not  exceed  100  feet,  there  are  localities 
where  the  tops  of  the  highest  hills  stand  more 
than  250  feet  above  the  Rio  Grande.  In 
general  both  the  relief  and  the  roughness 
decrease  with  the  decrease  in  average  altitude 
downstream.  It  is  in  this  belt  that  the  best 
and  the  most  numerous  exposures  of  the  rock 
formations  are  found. 

The  more  nearly  flat  land  east  of  the 
"breaks"  is  divided  into  two  parts  by  a  con- 
spicuous cuesta  known  as  the  Bordas  scarp. 
This  scarp  and  the  trench  cut  by  the  Rio 
Grande  are  the  only  notable  topographic 
features  of  the  region. 

The  Bordas  scarp  crosses  the  northeast  bor- 
der of  the  territory  mapped  at  a  point  7  miles 
northeast  of  Torrecillas,  about  38  miles  east  of 
Laredo  and  100  miles  from  the  Gulf,  and  from 
this  point  it  extends  southwestward  to  Torre- 
cillas, thence  southward  to  Ojuelos,  and  thence 
in  a  somewhat  irregular  course,  generally  south- 
ward and  a  bit  eastward,  and  is  cut  through  by 
the  Rio  Grande  at  Rio  Grande  City.  In  gen- 
eral the  scarp  follows  the  course  of  the  base  of 
the  Reynosa  formation,  whose  resistant  rocks 

*  Hill,  R.  T.,  and  Vaugh&n,  T.  W.,  Geology  of  the  Edwards  Plateau 
and  Rio  Grande  Plain  adjacent  to  Austin  and  San  Antonio,  Tex.: 
U.  S.  Geol.  Survey  Eighteenth  Ann.  Rept.,  pt.  2,  pp.  19:^322,  1898. 


produced  it.  As  the  land  slopes  steeply  west- 
ward and  almost  imperceptibly  eastward  from 
its  crest  this  scarp  is  conspicuous  only  if  viewed 
from  the  west. 

The  area  between  the  breaks  of  the  Rio 
Grande  and  the  Bordas  scarp  is  not  rough. 
Its  gentle  southward  and  eastward  (Gulfward) 
slope  is  broken  only  by  shallow  valleys  of  the 
heads  of  tributaries  of  the  Rio  Grande,  the 
many^  low  hills  due  to  the  outcrops  of  the  lenses 
of  rock  sUghtly  more  resistant  to  subaerial  ero- 
sion (which  is  here  of  slight  effect),  and  the 
scattered  depressions  scooped  out  by  the  wind 
and  the  corresponding  slight  elevations  formed 
by  material  blown  from  the  depressions.  Few 
square  miles  in  this  plain  have  a  relief  of  as 
much  as  50  feet,  and  some  of  them,  so  far  as 
the  eye  can  see,  are  almost  flat. 

Except  an  area  of  sand  dunes,  which  covers 
about  2,800  square  miles,  chiefly  in  Willacy, 
Brooks.  Hidalgo,  and  Jim  Hogg  counties,  and 
a  narrow  strip  extending  for  20  miles  along  the 
river  between  Rio  Grande  City  and  Sam  For- 
dyce, the  part  of  the  region  east  of  the  Bordas 
scarp  is  notably  flat.  The  areas  near  the  scarp, 
however,  are  slightly  more  undulatory  than  the 
areas  near  the  coast,  where  the  surface  gener- 
ally stands  less  than  50  feet  above  sea  level 
and  where  there  is  no  visible  reUef  except  that 
produced  by  an  occasional  ''clay  butte"  or  a 
shallow  stream  channel  or  ''resaca."  This 
smoothness,  however,  is  broken  by  the  chan- 
nel of  the  Rio  Colorado,  a  distributary  of  the 
Rio  Grande,  which  in  places  is  40  feet  deep 
and  has  vertical  walls. 

In  the  sand  belt  the  rehef  is  measured  by 
the  heights  of  the  dunes  and  the  depths  of  the 
' '  blow-outs, ' '  but  even  there  it  does  not  exceed  25 
feet  on  an  average  and  60  feet  at  a  maximum. 

The  lower  Rio  Grande  region,  which  is  the 
southernmost  part  of  the  United  States  except 
southern  Florida  and  the  Florida  Keys,  receives 
much  heat  through  insolation,  and  its  tempera- 
ture is  therefore  high.  The  average  annual 
temperature  is  about  72°  F.,  and  the  range  is 
from  20*"  in  January  to  llO""  in  July.  The 
sensible  heat  of  summer  is  greatly  reduced  by 
constant  east  winds  of  the  monsoon  type.  The 
nights  are  comfortable,  except  a  few  during 
which  cloudiness  retards  radiation  and  the  wind 
dies  down.  The  region  is  semiarid.  There  are 
long  periods  of  drought,  and  when  it  does  rain 
the  water  falls  in  great  quantities,  so  that  dry 
creek  beds  run  full  and  roads  become  arroyos. 
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The  rainfall  in  1910  was  12  inches,  m  1915  16 
inches,  and  in  1916  14  inches.  The  rainfall  at 
£agle  Pass  in  1908  was  15.16  inches  and  in  1909 
8.63  inches.  At  some  places  there  was  no  rain 
At  all  for  three  years  prior  to  the  fall  of  1918. 
The  vegetation,  which  varies  in  luxuriance 
^th  the  rainfall,  consists  of  wild  grasses,  mes- 
quite,  guajillo,  catclaw,  prickly  pear,  and  other 
forms  of  Cactus,  and  many  other  plants,  which 
together  make  up  what  is  known  as  chaparral 
or  brush.  Lai^e  trees  are  foimd  only  along 
the  main  streams,  where  pecans  grow,  and  on 
dunes  in  the  sand  belt,  which  bear  live  oaks. 
The  open  grassy  prairie  on  the  coastal  flats  is 
broken  here  and  there  by  dense  thickets  of 
low  live  oak  brush. 

STRATIGRAPHY. 

GENERAL  FEATURES. 

The  beds  of  rock  dip  at  low  angles  Gulfward 
from  the  Cretaceous-Eocene  line,  and  succes- 
sively yoimger  formations  are  therefore  exposed 
at  the  surface  in  wide  belts  east  and  southeast 
of  that  line.  The  Rio  Grande  flows  in  general 
southeastward  in  a  course  that  is  oblique  to  the 
strike  of  the  formations  but  that  is  at  some 
places  paraUel  with  the  strike  and  at  others 
parallel  with  the  dip.  It  flows  from  older  to 
younger  beds,  but  its  gradient  is  so  slightly 
less  than  the  dip  of  the  beds  and  so  nearly 
parallel  with  the  strike  for  considerable  dis- 
tances that  the  formations  change  only  at  in- 
tervals of  many  miles  along  the  river. 

The  formations  are  of  Tertiary  and  Quater- 
nary age.  Eocene  formations,  which  lie  uncon- 
formably  on  Cretaceous  formations  along  the 
irregular  north  boimdary,  continue  at  the  sur- 
face eastward  along  the  Texas-Mexican  Railroad 
as  far  as  Torrecillas  and  southward  and  south- 
eastward along  the  Rio  Grande  almost  to  Sam 
Fordyce.  Oligocene  and  Miocene  formations, 
which  are  exposed  on  the  Gulf  Coastal  Plain 
farther  north,  do  not  outcrop  in  the  lower  Rio 
Grande  region,  the  Oligocene  probably  because 
they  do  not  exist  here  and  the  Miocene  because 
they  are  covered  by  a  great  overlap  of  Pliocene 
rocks.  Pliocene,  Pleistocene,  and  Recent  de- 
posits are  exposed  at  the  surface  over  wide 
areas  east  of  the  Bordas  scarp.  (See  PI. 
XXVIII.) 

CRBTACEOTTS   SYSTEM. 

Rocks  of  Cretaceous  age  crop  out  extensively 
in  the  Edwards  Plateau,  in  the  northern  part  of 
the  Gulf  Coastal  Plain,  and  elsewhere  in  Texas, 


and  form  a  great  system,  but  these  areas  lie 
outside  of  the  region  here  described.  This 
system  in  Texas  has  long  been  well  known, 
diiefly  through  the  earlier  work  of  R.  T.  HUl.* 
More  recently  Udden  ^  and  his  assistants  have 
published  a  summary  of  the  geology  of  Texas, 
in  which  the  Cretaceous  rocks  are  classified, 
described,  and  interpreted,  and  L.  W.  Stephen- 
son is  now  completing  certain  work  north  of  the 
Cretaceous-Eocene  line. 

THE   CRETACEOUS-EOCENE   UNE. 

As  Stephenson  •  has  recently  reported  on  the 
contact  between  the  rocks  of  the  Cretaceous 
and  the  Tertiary  system  in  the  lower  Rio 
Grande  region,  the  writer  gave  relatively  little 
attention  to  this  line  of  stratigraphic  division. 
The  line  is  shown  on  the  map  essentially  as  it 
was  drawn  by  Stephenson,  and  the  contact,  at 
least  between  the  Rio  Grande  and  Nueces 
River,  is  essentially  as  he  describes  it.  There  is 
no  marked  lithologic  break  at  the  contact, 
though  Stephenson  foimd  evidence  of  physical 
unconformity  in  Texas,  as  did  Baker  ^  on  the 
Mexican  side  of  the  border,  but  the  systemic 
significance  of  such  imconformities  is  difficult 
to  recognize,  especially  in  parts  of  the  geologic 
coliunn  where  locally  unconformities  are  com- 
mon. The  f aimal  break,  however,  is  great  and 
r  its  significance  is  imquestionable.  Not  a  single 
species  is  common  to  the  faunas  below  and 
above  the  break  and  many  genera  that  occur  in 
the  Cretaceous  are  missing  in  the  Eocene.  As 
Vaughan  •  pointed  out  in  1900,  it  is  clear  that 
the  unconformity  at  this  horizon  is  really  great, 
even  though  lithologically  and  stratigraphically 
it  appears  insignificant.  In  the  Rio  Grande 
region  a  long  time  must  have  elapsed  between 
the  end  of  the  recorded  Cretaceous  and  the 
beginning  of  the  recorded  Eocene. 

TERTIARY   SYSTEM. 
EOCENE   SERIES. 

The  history  of  Eocene  classification  in  the 
West  Gulf  Coastal  Plain  has  been  long  and  com- 
plicated. Many  synonymous  and  overlapping 
formation  names  have  been  used,  and  correla- 
tions have  been  made  which  have  later  been 


*  Hill,  R.  T.,  The  Texas  section  of  the  American  Cretaceous:  Am.  Jour. 
*  Sci.,  3d  ser.,  vol.  34,  pp.  287^309, 1887. 

*  Udden,  J.  A.,  Baker,  C.  L.,  and  BOse ,  Emil,  Review  of  the  geology  of 
Texas:  Texas  Univ.  Bull.  44, 1916. 

*  Op.  dt.,  pp.  160-181. 

'  Baker,  C.  L.,  personal  communication. 

s  Vaughan,  T.  W.,  Reconnaissance  in  the  Rio  Grande  coal  fields  of 
Texas:  XJ.  S.  Oeol.  Survey  Bull.  164,  pp.  35-36, 1900. 
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found  to  be  incorrect.  The  following  classifi- 
cation seems  to  represent  the  present  knowledge 
of  the  Eocene  series  in  this  region: 

Fayette^sandBtone}^^^  J*^^^  «8e). 
Claiborne  group: 

Yegua  formation. 

Cook  Mountain  formation. 

Mount  Selman  formation. 
Wilcox  group: 

Bigford  formation  (chiefly  contemporaneouB  with  Car- 
rizo  sandstone  but  in  i>art  younger). 

Carrizo  sandstone. 

Indio  formation. 
Midway  formation. 

These  formations  are  lithologically  so  very- 
similar  that  their  discrimination  as  imits  in 
mapping  is  extremely  difficult,  and  the  lines  of 
contact  shown  on  the  map  should  therefore  be 
considered  only  tentative,  though  there  are 
slight  differences  in  the  rocks,  which,  taken 
together  with  their  more  significant  faimas  and 
floras  make  it  possible  to  separate  the  forma- 
tions with  some  confidence. 

MIDWAT  FORKATXOV. 

Distribution. — The  formation  once  known  as 
the  *' Basal  or  Wills  Point  clays,"  now  called 
the  Midway  formation,  crops  out  only  in  a  short 
and  narrow  belt  in  southern  Maverick  County. 
Its  outcrop  is  not  a  continuous  belt  along  the 
Cretaceous-Eocene  line  of  contact,  for  it  is 
overlapped  in  southern  Uvalde,  western  Za- 
valla,  and  northeastern  Maverick  counties  by 
strata  of  Wilcox  age.  The  outcrop  is  also  ob- 
scured by  patches  of  gravel  belonging  to  the 
Reynosa  formation,  of  probable  Pliocene  age. 

Relations  to  adjacent  formations. — The  Mid- 
way formation  lies  disconformably  on  the  Es- 
condido  formation  of  the  Cretaceous  system. 
There  is  also  a  great  time  break  at  this  horizon 
and  another  at  the  top  of  the  Midway,  where 
it  is  overlapped  by  strata  of  Wilcox  age.  The 
imconformable  contact  between  the  Midway 
below  and  the  Wilcox  above  is  well  exposed  (1) 
at  the  north  end  of  the  westward-facing  bluff 
of  the  Rio  Grande  in  extreme  southern  Maver- 
ick County,  2  miles  north  of  the  Webb  County 
line,  and  (2)  on  the  west  wall  of  the  valley  of 
Frio  River  at  Bob  Evans's  apiary  (Myrick's 
lower  apiary  of  the  Uvalde  folio),  in  Uvalde 
County,  12  miles  east  of  the  Rio  Grande  region, 
as  mapped  in  this  report.  In  each  of  these  sec- 
tions the  line  between  the  Midway  and  Wilcox 
formations  is  the  edge  of  an  erosional  surface 


and  the  basal  Wilcox  is  conglomeratic,  the 
pebbles  being  worn  fragments,  fossils,  and  con- 
cretions of  iron  carbonate  derived  from  tlie 
underlying  Midway.  There  is  a  great  uncon- 
formity between  the  Midway  and  the  Reynosa, 
the  gravels  of  the  Reynosa  having  been  de- 
posited on  a  surface  which  bevels  the  Midway 
and  all  other  Eocene  strata. 

Character. — ^The  Midway  formation  consists 
chiefly  of  shale,  but  includes  interbedded  lenses 
and  layers  of  sandstone  and  limestone.  At  the 
base  of  the  formation  ill  some  places  there  are 
thin  and  discontinuous  beds  of  conglomerate 
containing  abraded  fragments  of  rock  and  fos- 
sils derived  from  the  underlying  Escondido  for- 
mation. Heavy  ledges  of  limestone  overlie  the 
conglomerate  or  form  the  basal  beds  when  there 
is  no  conglomerate.  The  limestone  is  gray, 
compact,  and  in  some  places  crystalline,  and  it 
contains  fossils.  The  beds  are  at  few  places 
more  than  1^  feet  thick  and  are  interbedded 
with  greenish-gray  sand  1  to  2  feet  thick.  The 
shale  is  generally  dark,  and  some  beds  are  black, 
but  the  colors  include  green,  brown,  gray, 
bluish  gray,  and  blue.  Some  of  the  beds  are 
notably  pm^e,  but  many  are  sandy  or  silty  and 
gypsiferous.  Individual  beds  do  not  exceed 
40  feet  in  thickness.  The  beds  of  sandstone 
are  gray,  yellowish,  brownish,  or  greenish,  and 
are  irregularly  and  thinly  bedded.  Many  are 
micaceous  and  some  are  glauconitic.  Most  of 
them  are  rather  soft,  but  some  are  firm.  They 
vary  in  texture  but  are  generally  fine  grained. 
Throughout  the  formation,  but  chiefly  in  the 
shale,  there  are  niunerous  concretions,  which 
range  in  diameter  from  6  inches  to  10  feet,  are 
generally  flat  or  biscuit-like,  and  consist  chiefly 
of  limestone.  Many  are  septaria  or  'Hurtle 
s.tqnes."  Some  of  the  smaller  ones  are  pyri- 
tized,  some  are  clay  ironstones,  and  some  con- 
sist of  iron  carbonate. 

A  typical  section  of  the  formation  on  the 
Texas  side  of  the  Rio  Grande,  a  mile  below  the 
Bless6  ranch,  on  the  Mexican  side,  is  given 
below: 

Section  of  the  Midway  formation  in  Texat  near  the  BlesU 

ranchy  Mexico. 

Feet. 


Shale : 7 

Iron  concretions 1 

Shale 5 

Concretionary  sandstone 1 

Blue-black  shale  with  abundant  Venericardia  smiihii.  12 
Concretionary     iron     bed     containing     Venericardia 

smiihii I 
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Feet. 

Dark-gray  shale  containing  disc-shaped  iron  concre- 
tions and  a  few  gastropods 25 

Thin  and  irregularly  bedded  sandstone,  interbedded 
near  the  top  with  sandy  shale 15 

67 

Thickness. — ^As  the  dip  of  the  Tertiary  forma- 
tions may  not  be  entirely  deformational  but 
may  have  been  in  part  original,  the  usual 
methods  of  determining  thickness  from  the  out- 
crops are  of  no  great  value.  In  any  case,  the 
Midway  formation  is  probably  nowhere  exposed 
in  its  full  thickness  because  of  the  Wilcox  overlap. 
Only  where  it  has  been  drilled  through  for  oil 
or  water  and  where  its  base  and  top  can  be  de- 
termined from  the  log  or  from  samples  of  the 
core  can  its  true  thicloxess  be  estimated.  Only 
one  such  boring  is  known  in  the  Kio  Grande 
region — the  L.  E.  Hanchett  oil-prospecting 
well,  10  miles  west  of  Carrizo  Springs.  The 
log  of  this  well  shows  that  the  formation  is  194 
feet  thick.  The  average  of  all  estimates  of  its 
thickness  outside  of  the  Rio  Grande  region  but 
near  it  is  216  feet. 

Fossils. — ^The  fossils  collected  from  the  Mid- 
way formation  of  this  and  neighboring  districts 
by  the  writer  and  others  are  listed  below: 

Aponhais  sp. 

Gallocardia  ripleyana  (Gabb). 

Calyptrophorus  velatus  subep.  compiessus  Aldrich. 

Cerithium  penrosei  Harris. 

Cerithium?  sp. 

Crassatellites  gabbi  (Safford). 

Cucullaea  (macrodonta  subsp.?)  texana  Gardner. 

Oypraeasp. 

Enclimatoceras  vaughani  Gardner. 

Fusus  ostrarupis  Harris. 

Leda  milamensis  Harris. 

Lithophaga  sp. 

Mesalia  pumila  subep.  wilcoxiana  Aldrich. 

Mesalia  sp. 

Modiolus  saffordi  (Gabb)? 

Natica  sp. 

Ostrea  crenulimarginata  Gabb. 

Ostrea  pulaskensis  Harris. 

Plejona  limopsis  (Conrad). 

Plejona  rugata  (Conrad). 

Pseudoliva  ostrarupis  Harris. 

Teredo  maverickensis  Gardner. 

Turris  anacona  (Harris). 

Tunitella  alabamiensis  Whitfield. 

Turritella  humerosa  Conrad. 

Turritella  mortoni  Conrad. 

Turritella  nerinexa  Harris. 

Venericardia  bulla  Dall. 

Venericardia  (alticostata  subsp.?)  hesperia  Gardner. 

Venericardia  smithii  Aldrich. 

Venericardia  (alticostata  subsp. 7)  whitei  Gardner. 

Yoldia  eborea  (Conrad). 


WILGOX  GROUP. 


SUBDIVISIONS. 


A  thick  set  of  lithologically  complex  beds 
lies  stratigraphicaUy  between  the  top  of  the 
Midway  and  the  base  of  the  Mount  Selman 
formation.  These  beds  have  been  variously 
known  as  the  "Lignitic,"  the  ''Sabine/'  the 
''Sabine  River,"  and  the  "Timber  Belt,"  each 
of  these  names  including  all  strata  between  the 
top  of  the  "Basal  clays"  (Midway  formation) 
and  the  base  of  the  "Marine  beds"  (Claiborne 
group).  Owen  •  first  segregated  a  notably 
sandy  phase  of  the  "Lignitic"  and  called  it  the 
Carrizo  sandstone,  from  the  town  of  Carrizo 
Springs,  where  it  is  characteristically  developed 
and  well  exposed.  After  the  upper  sands  were 
separated  and  named  the  underlying  beds  were 
correlated  with  the  Wilcox  of  Mississippi  and 
called  by  the  same  name.  Vaughan^^  con- 
sidered the  Carrizo  formation  a  transgressive 
phase  of  the  Wilcox.  More  recently  Udden, 
Baker,  and  Bose  "  have  tentatively  considered 
it  the  oldest  formation  of  the  Claiborne  group. 
In  a  still  later  geologic  publication  of  the 
University  of  Texas  Ldddle  "  placed  the  Carrizo 
of  Medina  County  in  the  Claiborne  group  with- 
out qualification.  Deussen  ^  found  that  it  lay 
imconformably  on  Wilcox  beds  and  uncon- 
formably  beneath  the  Mount  Selman  formation 
between  Brazos  and  Nueces  rivers,  and  Baker  " 
reported  an  unconformity  between  the  Carrizo 
and  underlying  beds  of  Wilcox  age  on  the 
Arroyo  del  Amole,  on  the  Mexican  side  of  the 
Rio  Grande,  across  the  river  from  the  Chupa^ 
dero  ranch.  As  unconformities  are  common 
in  the  Wilcox  an^  as  neither  the  Wilcox  nor  the 
Carrizo  contains  fossils  other  than  plants  that 
had  not  been  critically  studied,  the  age  of  the 
Carrizo  sandstone  was  an  open  question  until 
1921,  when  fossil  plants  were  collected  under 
the  direction  of  E.  W.  Berry  from  the  lower 
beds  of  the  Wilcox,  from  the  Carrizo,  and  from 
beds  above  the  Carrizo  but  below  the  Mount 
Selman.  As  a  result  of  these  studies  of  the 
flora  and  an  investigation  of  the  lithology  of  the 
lignitic  beds,  the  Wilcox  is  here  recognized  as 

I    II     * -    w 

*  Owen,  J.,  Report  of  geologists  for  southern  Texas:  Texas  Qeol.  and 
Min.  Survey  First  Rept.  Progress,  for  1888,  pp.  09-74, 1889. 

iQ  Vaughan,  T.  W.,  Index  to  the  stratigraphy  of  North  America  (by 
Bailey  Willis  and  others):  XJ.  8.  Oeol.  Survey  Prof.  Paper  71,  p.  726, 1912. 

"  Op.  cit.,  pp.  83-84. 

"  Liddle,  R.  A.,  The  geology  and  mineral  resources  of  Medina  County: 
Texas  Univ.  Bull.  1880,  pp.  87-93, 1918  [1921]. 

IS  Deussen,  Alexander,  Geology  of  the  Coastal  Plain  region  of  Texas: 
U.  S.  Geol.  Survey  Prof.  Paper  126  (in  press). 

14  Baker,  C.  L.,  personal  communication . 
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a  group;  consisting  of  three  formations,  here 
named,  in  ascending  order,  the  Indio  formation, 
the  Carrizo  sandstone,  and  the  Bigford  forma- 


tion. 


ISDIO  yORMATION. 


Name. — The  strata  overlying  the  marine 
Midway  formation  and  imderlying  the  Carrizo 
sandstone  are  here  called  the  Indio  formation. 
These  strata  have  imtil  now  been  known  as 
the  Wilcox  formation,  for  they  were  believed 
to  represent  all  the  deposits  of  Wilcox  age  in 
this  region.  The  new  formation  name  is  made 
necessary  by  the  fact  that  the  Wilcox  as  here 
developed  becomes  a  group  divisible  into  three 
formations,  of  which  the  Indio  is  the  basal  one. 
The  Indio  formation  is  named  from  the  old 
Indio  ranch,  in  Maverick  and  Dimmit  comities, 
which  includes  most  of  the  area  of  outcrop  of 
the  formation. 

CharcLcter. — ^Although  it  is  made  up  of  an 
intricate  mixture  of  sediments,  the  Indio  for- 
mation consists  chiefly  of  thin-bedded  and 
laminated  argillaceous  sand  and  arenaceous 
shale  but  includes  some  layers  of  massive  clay 
and  lenses  and  layers  of  sandstone.  The  clay 
and  shale  are  greenish  or  bluish  gray  and  light 
chocolate-brown,  and  most  of  them  are  gypsif- 
erous.  The  sandstone  is  gray,  yellow,  green, 
and  brown,  is  not  notably  cross-bedded,  and 
is  of  various  textures.  It  includes  also  some 
beds  of  lignite  and  many  calcareous  and  arena- 
ceous concretions,  most  of  them  flat,  biscuit- 
shaped,  or  millstone-shaped  bodies. 

Until  recently  no  marine  sediments  have 
been  found  in  the  Wilcox  group  except  along 
Sabine  River,  but  the  discovery  of  marine 
Foraminifera  between  125  and  148  feet  from 
the  surface  and  500  feet  above  the  base  of  the 
Indio  formation  in  the  L.  E.  Hanchett  oil 
drillings  Nos.  1  and  2,  about  10  miles  west  of 
Carrizo  Springs,  in  Dimmit  County,**  shows 
that  the  Gulf  advanced  over  the  low-lying 
lands  at  least  once  for  a  short  time  during  the 
Indio  epoch.  Beds  of.  Ostrea  tasex  Gardner 
also  are  known  west  of  the  Hanchett  wells  and 
at  and  south  of  the  Glass  ranch  headquarters, 
in  Maverick  County,  and  in  the  San  Pedro 
sheep  pasture,  19  miles  southwest  of  Carrizo 
Springs,  in  Dimmit  Coimty.  This  form  is  sim- 
ilar to  0.  crenylimurginata,  which  is  of  Midway 
age,  but  is  not  identical  with  it.     The  oysters 

u  Well  log  and  description  of  samples  supplied  independently  by 
J.  A.  Udden  and  C.  L.  Baker. 


and  the  Foraminifera  appear  to  occur  at  the 
same  horizon. 

The  formation  is  partly  marine  and  partly 
nonmarine  and  was  deposited  on  both  sides  of 
a  shore  line  on  the  landward  side  of  which  the 
land  was  low  and  on  the  opposite  side  of  which 
the  sea  was  shallow.  The  shore  line  probably 
oscillated  back  and  forth  slowly  during  Indio 
time. 

Distribution. — ^The  Indio  formation  crops  out 
in  the  Rio  Grande  region  in  a  belt  10  to  14  miles 
wide  in  western  Dimmit,  southeastern  Mav- 
erick, and  northwestern  Webb  counties,  where 
it  is  exposed  in  practically  its  full  thickness. 
Here  it  adjoins  the  Midway  on  the  west  and 
the  Carrizo  on  the  east.  Farther  north,  in 
Maverick  County,  the  Indio  overlaps  the  Mid- 
way and  rests  upon  the  Cretaceous.  Still 
farther  north,  in  western  Dimmit  and  Zavalla 
counties  and  eastern  and  northeastern  Mav- 
erick Coimty,  the  Indio  is  in  turn  cut  out  by  & 
great  overlap  of  the  Carrizo  on  the  Cretaceous. 
In  the  extreme  northeast  comer  of  the  region  the 
Indio  crops  out  again  between  the  Cretaceous 
and  the  Carrizo  where  Nueces  River  has  cut 
through  the  overlying  and  overlapping  Carrizo 
sandstone. 

Thickness. — ^The  thickness  of  the  Indio 
recorded  in  the  Hanchett  wells,  in  Dimmit 
County,  is  648  feet,  and  as  these  wells  are  only 
about  a  mile  west  of  the  eastern  boimdary  of  the 
formation  at  a  point  where  the  belt  of  outcrop 
is  widest,  the  maximum  thickness  of  the  Indio 
exposed  probably  does  not  exceed  700  feet. 
Other  layers  that  are  covered  by  the  Carrizo 
overlap  may  or  may  not  overlie  those  which 
crop  out. 

Fossils. — ^With  the  exception  of  Foraminif- 
era, oysters,  and  a  few  fossil  leaves,  the  Indie 
formation  is  f aunally  and  florally  barren  in  the 
Rio  Grande  region.  The  protozoans  include 
Nodosarixij  Textulari/aj  and  Gflobigerina.  The 
moUusks  are  Ostrea  ta^sex  Gardner  and  Levi- 
fusus  sp.  cf.  L,  traheaioides  Harris. 

Fossil  plants  were  found  (1)  on  the  west  wall 
of  the  valley  of  Nueces  River  a  mile  below  Pul« 
liam  ranch,  (2)  on  the  east  wall  of  the  valley  of 
Nueces  River  at  the  big  bend  \\  miles  above 
the  Uvalde-La  Pryor  road  crossing,  (3)  in  the 
clay  pit  at  the  end  of  the  imused  aerial  tranL 
south  of  Elmendorf ,  Bexar  County,  and  (4)  at 
the  Schuddemagen  ranch,  10  miles  south  of 
Sabincd,  Uvalde  County.    Localities  3  and  4 
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are  outside  the  Rio  Grande  region.    A  list  of 
identified  species  follows : 

Anona  ampla  Berry. 
Anona  eolignitica  Berry. 
Cyperitefl  sp.  Hollick. 
Ficus  miasiBBippieDflis  Berry. 
Nectandra  sp. 

Oreodaphne  obtufiifolia  Berry. 
RhamnuB  coushatta  Berry. 
Sabalites  grayanus  Lesquereux. 
Sapindufl  Unearifolius  Berry. 

CARRIZO  SANDSTONE. 

IHstribution. — ^The  base  of  the  Carrizo  was 
located  by  Owen  "  at  a  point  10  miles  west  of 
Carrizo  Springs,  and  the  formation,  which  is 
made  up  of  sandy  beds,  extended  eastward  to 
the  base  of  the  "Marine  beds/'  east  of  Asher- 
ton,  occupying  a  belt  about  20  miles  wide. 
When  it  is  traced  southward,  however,  the  belt 
of  sands  becomes  narrower  until,  at  the  Rio 
Grande,  it  is  only  3  miles  wide.  The  strata 
that  cover  it  here  are  not  prevailingly  sandy 
and  are  what  is  here  called  the  Bigford  forma- 
tion. North  of  Carrizo  Springs  the  Carrizo 
formation  spreads  northwestward  to  the  Cre- 
taceous rocks,  overlapping  both  the  Indio  and 
the  Midway.  Northeast  of  Carrizo  Springs, 
outside  the  region  shown  on  the  map,  the  belt 
of  Carrizo  sandstone  becomes  narrower,  the 
Bigford  formation  here  also  probably  wedgmg 
in  between  the  Carrizo  and  the  Moimt  Selman. 

Relations  to  adjacerU  formations. — ^The  Car- 
rizo sandstone  rests  unconformably  upon  the 
Indio  by  overlap.  In  the  area  east  of  the  out- 
crop of  the  contact,  however,  where  the  full 
thickness  of  the  Indio  is  represented,  the  sim- 
ilarity of  the  flora  indicates  that  the  relations 
are  conformable.  The  relation  between  the 
Carrizo  and  the  Bigford  formation  is  appa- 
rently conformable.  Dijfferences  in  flora  suggest 
a  break  between  the  Carrizo  and  the  Mount 
Selman,  and  there  are  indications  of  unconform- 
ity where  the  two  come  together  in  the  railroad 
cut  3  miles  west  of  Big  Wells,  an  exposure  15 
miles  east  of  the  Rio  Grande  region. 

Character. — ^The  Carrizo  formation  is  decid- 
edly more  sandy  than  the  other  formations  of 
the  Wilcox  group,  the  Indio  formation  below 
and  the  Bigford  formation  above,  and  the  beds 
of  sandstone  in  the  Carrizo  are  more  firmly 
cemented.    Some  of  them  are  cemented  and 

u  Owen  J.,  Report  of  geologists  for  southern  Texas:  Texas  Geol.  and 
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crystallized  into  a  good  grade  of  quartzite. 
Many  of  them  are  highly  ferruginous,  but  some 
are  gray  or  white,  colors  denoting  little  iron. 
The  sand  and  the  sandstone  are  characteristi- 
cally cross-bedded.  Owing  to  inequalities  from 
place  to  place  in  the  firmness  of  the  cement 
erosion  has  in  some  places  produced  castellated 
forms,  notably  south  of  Chupadero  ranch,  in 
northwestemmost  Webb  County.  The  sandy 
beds  vary  greatly  in  texture.  In  the  quarries 
around  Carrizo  Springs  and  for  some  distance 
north  of  that  place  the  rock  is  fine  grained,  but 
in  many  other  localities  it  is  medium  and  even 
coarse  grained. 

The  Carrizo  sandstone  includes  also  thin 
beds  and  lenses  of  clay  of  various  colors  and 
beds  of  limestone,  yellow  on  weathered  sur- 
faces and  light  chocolate-brown  inside,  forming 
concretions,  rough  beds,  or  lenses,  botryoidal 
bodies,  and  irregular  masses.  Cone-in-cone 
structure  is  fairly  common  in  the  beds  of  fine 
texture  in  which  calcareous  and  argillaceous 
material  are  mixed  in  about  equal  proportions. 

Thickness. — ^The  thickness  of  the  Carrizo 
sandstone  as  estimated  by  Owen  ^^  is  200  feet. 
Between  a  point  10  miles  west  of  Carrizo 
Springs  and  a  point  3  miles  west  of  Big  Wells, 
however,  its  thickness  is  probably  more  than 
400  feet,  there  being  at  least  200  feet  of  strata 
exposed  west  of  Carrizo  Springs.  At  the  Rio 
Grande,  where  the  sandy  belt  is  narrow,  its 
thickness  is  estimated  at  118  feet.  At  another 
point  between  the  river  and  Carrizo  Springs  it 
appears  to  be  about  392  feet.  Where  the  Car- 
rizo overlaps  the  Indio  and  Midway  north  of 
Carrizo  Springs  it  is  doubtless  very  thin.  The 
average  of  all  previous  estimates  is  250  feet.  It 
evidently  varies  greatly  in  thickness,  and  the 
average  is  now  put  at  325  feet. 

Fossils. — Invertebrate  and  vertebrate  fossils 
have  not  been  found  in  the  Carrizo  sandstone. 
Poorly  preserved  fragments  of  plants  have  of- 
ten been  noted,  but  the  flora  was  not  critically 
studied  until  1921,  when  E.  W.  Berry  accom- 
panied the  writer  to  the  field  and  made  collec- 
tions. Identifiable  leaves  were  found  in  a  short 
arroyo  in  the  east  wall  of  Nueces  River  valley 
three  quarters  of  a  mile  below  the  Uvalde-La 
Pryor  road  crossing  and  in  the  Bell  quarries, 
southwest  of  Carrizo  Springs,  from  which  Car- 
rizo sandstone  was  taken  to  build  the  court- 
house and  other  buildings  in  Carrizo  Springs. 

* 

1'  Owen,  J.,  idem,  p.  72. 
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The  list  given  below  showS;  according  to  Berry, 
that  the  Canizo  is  of  Wilcox  and  not  of  Clai- 
borne age,  a  fact  which  is  in  harmony  with  the 
lithology  and  stratigraphy  of  the  sandstone 
and  the  associated  beds. 

Acrostichum  sp. 

Anona  ampla  Berry. 

Anooa  wilcoxiana  Berry. 

Banksia  puryearenaiB  Berry. 

Ganavalia  eocenica  Berry? 

Cassia  tennesseensis  Berry? 

Cinnamomum  vera  Berry? 

Dryophyllum  tennesseensis  Berry? 

Eugenia  grenadensis  Berry. 

FicuB  mississippiensis  (Leequereux)  Berry. 

Gleditsiaphyllum  eocenicum  Beiry. 

Heterocalyx  n.  sp. 

Mespilodaphne  coushatta  Berry. 

Myrcia  vera  Berry. 

Nectandra  peeudocoriacea  Berry. 

Oreodaphne  obtusiiolia  Berry. 

Oreodaphne  pnryearensis  Berry. 

Pahnocarpon  buUerensis  Berry. 

Persea  longipetiolatum  (Hollick)  Berry. 

Sabalites  grayanus  liesquereux. 

Sophora  wilcoxiana  Berry. 

Sterculia  wilcoxensis  Berry. 

BIOFORD  FORMATION. 

Name  and  distribution, — ^Most  of  those  who 
have  visited  this  region  have  believed  that  the 
Canizo  sandstone  is  continuous  from  the  top  of 
the  Indio  formation  (the  old  Wilcox  formation)  to 
the  base  of  the  Moimt  Selman,  and  it  appears  to 
be  continuous  at  the  type  section  of  theCarrizo 
near  Carrizo  Springs  and  in  that  latitude,  but 
south  of  Carrizo  Springs  the  sand  and  sandstone 
of  the  Carrizo  give  place  along  the  strike  to 
clay,  thin-bedded  sandstone,  and  lignite.  To 
these  beds,  which  consist  so  largely  of  clay  that 
they  can  not  be  called  Carrizo  sandstone,  the 
name  Bigford  is  here  given,  from  Bigford  ranch, 
which  is  practically  the  only  habitation  in  their 
belt  of  outcrop,  where  the  beds  are  well  exposed 
along  the  river  within  the  ranch.  The  outcrop 
widens  toward  the  south  from  2  miles  at  the 
boimdary  of  the  Rio  Grande  region,  southeast 
of  Carrizo  Springs,  to  about  12  miles  at  the 
Dimmit-Webb  county  line.  The  Rio  Grande 
has  exposed  the  beds  in  its  north  bluffs  for  20 
miles.  Between  Carrizo  Springs  and  Big  Wells, 
outside  of  the  Rio  Grande  region,  the  formation 
is  entirely  absent.  It  may  wedge  in  farther 
north,  for  similar  beds  appear  to  occur  in  well 
logs  and  in  exposures  along  Nueces  River  south- 
east of  Crystal  City. 


Character, — ^Lithologically  the  Bigford  for- 
mation consists  chiefly  of  clay  of  many  colors 
and  of  subordinate  quantities  of  gray,  green, 
and  brown  sandstone,  which  is  at  most  places 
not  cross-bedded.  It  contains  many  beds  of 
lignite,  the  heaviest  20  inches  thick,  and  some 
lens-shaped  concretionary  masses.  It  contains 
no  paper  shales  and  sands,  such  as  occur 
in  the  Indio,  nor  any  thick,  cross-bedded,  and 
commonly  quartzitic  sands,  such  as  occur  in  the 
Carrizo. 

Rdaiions  to  adjacent  formations. — ^Although 
the  Bigford  formation  is  at  least  fairly  distinct 
lithologically,  it  is  not  believed  to  represent, 
except  in  its  uppermost  part,  a  period  of  time 
entirely  separate  from  the  Carrizo  epoch.  The 
greater  part  of  the  formation  probably  grades 
along  the  strike  into  beds  in  the  middle  and 
upper  parts  of  the  Carrizo  sandstone,  and  if  so 
is  contemporaneous  with  those  beds.  At  some 
places,  however,  the  uppermost  part  of  the 
Bigford  rests  with  apparent  conformity  on  the 
Carrizo  sandstone.  The  Bigford  strata  appear 
to  represent  a  lagoon  and  tidal-flat  phase  of  a 
stage  of  deposition  during  which  the  Carrizo 
sandstone  was  deposited  at  or  landward  from 
the  shore  line. 

Thickness. — ^The  Bigford  formation  ranges  in 
thickness  from  about  80  to  about  470  feet. 

Fossils. — The  only  fossils  found  in  the  Big- 
ford formation  are  some  leaves  of  a  few  species 
of  plants,  which  were  collected  at  a  place  on 
ConciUas  Creek  a  quarter  of  a  mile  below  the 
point  where  it  is  crossed  by  the  road  from  Big- 
ford ranch  to  Apache  ranch,  about  half  a  mile 
from  the  Rio  Grande,  where  two  sets  of  beds 
of  clay,  sandstone,  lignite,  and  lignitic  clay 
are  separated  by  an  erosional  unconformity. 
Leaves  occur  both  below  and  above  the  uncon- 
formity but  were  collected  only  from  the  upper 
set  of  beds,  in  which  they  are  best  preserved. 
The  forms  identified  are  as  follows : 

Anacardites  grevilleafolia  Berry. 
Banksia  pnryearensis  Berry. 
Canna  eocenica  Berry . 
Cassia  marshallensis  Berry. 
Cyperites  sp,  Hollick. 
Inga  ^dckliffensis  BeiT>'? 
Juglans  schimperi  Lesquereux. 
Mimositee  variabilis  Berry. 
Mimusops  mississippiensis  Berry. 
Myrica  wilcoxensis  Berry. 
Sabalites  grayanus  Lesquereux. 
Sophora  wilcoxiana  ^Berry. 
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Berry  reports  that  this  is  a  Wilcox  flora, 
one  distinctly  older  than  that  in  the  base  of 
the  Mount  Selman  formation,  which  is  of 
Claiborne  age. 

OLAIBORVB  OBOUP. 

The  ''Marine  beds"  of  earlier  writers  in- 
cluded the  strata  between  the  top  of  the 
"Lignitic"  and  the  base  of  the  Yegua.  These 
beds  are  now  separated  into  two  formations, 
the  almost  unfossiliferous  marine  beds  below 
constituting  the  Mount  Selman  formation  and 
the  highly  fossiliferous  marine  strata  above 
constituting  the  Cook  Moimtain  formation. 
The  overlying  Yegua  formation,  which  con- 
tains Claiborne  fossils,  is  also  included  in  the 
Claiborne  group. 

MOUNT  SELMAN  FORMATION. 

Character. — The  chief  constituent  of  the 
Mount  Selman  formation  is  clay,  and  exposed 
sections  of  it  are  therefore  rare  except  at 
places  along  drainage  lines  where  thin  ledges 
of  sandstone  and  limestone  hold  up  the  clay  in 
vertical  faces.  There  are  lai^e  flat  areas 
where  the  formation  is  not  exposed  but  where 
the  shallow  surficial  drainage  channels  are  so 
tmiversally  clayey  that  the  underlying  forma- 
tion must  be  chiefly  if  not  entirely  clay  or 
shale.  The  sections  exposed  probably  exagger- 
ate the  proportion  of  sandstone  in  the  forma- 
tion, for  they  occur  only  where  lenses  of  the 
more  resistant  materials  are  most  abimdant. 
The  clay  is  gray,  black,  greenish  gray,  and 
bluish  gray  where  fresh  and  yellow  or  buff 
where  weathered.  Some  of  the  beds  are 
sandy  and  some  are  limy,  but  most  of  them 
consist  chiefly  of  stiff,  compact  clay,  plastic  and 
sticky  when  wet  and  hard  but  with  a  fracture 
like  that  of  starch  when  dry.  The  beds  of 
clay  contain  a  large  quantity  of  gypsum  in 
lenses,  beds,  stringers,  joint  fillings,  and 
irregular  crystal  aggregates.  Most  of  it  is  the 
transparent  platy  variety,  but  some  masses  of 
bladed  crystals  are  brown. 

The  sandstone  occurs  in  layers  and  lenses, 
some  of  them  25  or  30  feet  thick  for  short 
distances.  The  sand  is  coarse,  medium,  and 
fine,  most  of  it  is  micaceous,  and  some  is 
glauconitic.  The  beds  are  fairly  well  con- 
solidated but  are  not  quartzitic.  The  forma- 
tion includes  a  few  thin  lenses  of  gray  limestone. 

Coal,  both  lignitic  and  bituminous,  is  a 
common    constituent    of    the   Mount   Selman 
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formation.  It  has  been  mined  at  Minero, 
Dolores,  Cannel,  and  Santo  Tomas,  in  Webb 
County.  There  are  two  main  producing  coal 
beds  and  several  thinner  beds,  less  pure,  which 
are  not  worked.  The  coal  beds  here  are  about 
one-third  of  the  distance  from  the  top  to  the 
bottom  of  the  formation,  but  beds  occur 
nearer  its  base  upstream  from  Palafox  and 
almost  at  its  top  near  the  mouth  of  Arroyo 
Santa  Isabella,  and  well  logs  show  that  coal 
beds  occur  throughout  the  whole  thickness  of 
the  formation. 

The  Moimt  Selman  formation  contains 
throughout,  from  bottom  to  top,  many  cal- 
careous concretions,  chiefly  in  the  clay  and 
shale.  Most  of  them  are  composed  of  com- 
pact, fine-grained,  pure,  ahnost  lithographic 
limestone.  On  the  outside  they  are  pale 
yellowish  gray  or  buff;  on  the  inside  they  are 
light  chocolate-brown  or  gray.  Nearly  all  of 
them  are  septarian,  and  the  fractures  are  filled 
with  calcite.  They  are  of  diverse  sizes  and 
forms.  The  smallest  are  about  the  size  of  a 
pea  and  the  largest  are  6  feet  in  diameter; 
some  are  cylindncal,  resembling  pipe  stems, 
some  are  biscuit-shaped,  and  some  are  nodular 
and  extremely  irregular.  The  average  con- 
cretion is  a  foot  in  diameter  and  spheroidal  in 
form. 

Distribution. — The  surficial  distribution  of 
the  Moimt  Selman  formation  is  shown  on 
the  map.  The  formation  extends  downstream 
along  the  Rio  Grande  from  a  point  6  miles 
above  Palafox  to  the  mouth  of  Sambarieto 
Creek,  about  8  miles  above  Laredo,  a  distance 
of  about  26  miles  measured  in  a  straight  line. 
The  course  of  the  river  is  irregularly  oblique 
to  the  strike,  however,  and  this  distance  is  not 
a  measure  of  the  width  of  the  belt  of  outcrop, 
which  is  about  16  miles  wide  and  of  nearly 
uniform  width.  The  western  boundary  of  the 
formation,  which  is  the  Claiborne- Wilcox  line 
of  contact,  is  not  sharply  defined.  In  general 
it  marks  the  line  that  separates  beds  of  clay, 
sandstone,  and  lignite  that  contain  no  moUus- 
can  fossils  and  few  concretions  but  that  carry 
a  Wilcox  flora  (the  Bigford  formation),  from 
beds  of  gypsiferous,  highly  concretionary  clay 
interbedded  with  beds  of  sandstone  and  lime- 
stone carrying  unmistakable  though  few  and 
fragmentary  marine  fossils.  The  Mount  Sel- 
man-Cook  Moimtain  line,  on  the  east  side  of 
the  belt,  separates  the  Moimt  Selman  material 
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from  the  sandy,  highly  fossiliferous,  red- 
weathering  Cook  Mountain  formation,  which 
stratigraphically  overlies  the  Momit  Selman. 

The  Mount  Selman  formation,  though  it 
contains  marine  rock,  is  evidently  not  entirely 
of  marine  origin.  The  coal  and  the  sediments 
that  carry  land  plants  were  doubtless  deposited 
in  isolated  coastal  basins  and  lagoons  and 
perhaps  to  some  extent  on  tidal  flats. 

Thickness, — The  minimum  measured  thick- 
ness of  the  formation  is  225  feet  and  the  maxi- 
mum is  707.  Deussen  assigns  to  it  an  average 
thickness  of  350  feet  in  the  area  next  north  of 
the  Rio  Grande  region.  The  average  within 
the  Rio  Grande  region  is  618  feet. 

FossUs. — ^The  Mount  Selman  formation  is  not 
highly  fossiliferous,  yet  a  few  poorly  preserved 
forms  of  both  animals  and  plants  have  been 
recognized.  The  mollusks  so  far  recognized  are 
Comvlina  armigera  Conrad,  Oytherea  sp.  cf. 
C.  trigoniata  var.  winnensis  Harris,  Ostrea  sp., 
Plejona  petrosa  (Conrad),  Protocardia  sp.,  and 
Venericardia  planicosta  Lamarck. 

Only  two  collections  of  Moimt  Selman 
plants  were  made  by  the  writer.  They  are 
fragmentary  and  obscure,  but  Berry  has  identi- 
fied them  provisionally  as  ApoqfnophyUum 
greviUeafolium  Berry,  Coccolobis  daibamensis 
Berry,  Ficus  newtonensis  Berry,  Oeonomites 
n.  sp.,  and  Myrcia  n.  sp. 

COOK   MOUNTAIN  FORMATION. 

DistribiUion  and  relations. — ^The  Cook  Moun- 
tain formation  is  the  upper  and  highly  fossil- 
iferous part  of  what  has  been  known  as  the 
"Marine  beds."  Its  outcrops  lie  in  a  belt 
averaging  13  miles  in  width  where  it  includes 
the  full  thickness  of  the  formation,  extending 
from  the  northeast  border  of  the  region  at  and 
west  of  Encinal,  almost  due  south  for  about  40 
miles  to  a  point  where  the  base  of  the  formation 

is  cut  off  by  a  bend  in  the  Rio  Grande  8  miles 
above  Laredo.  From  this  point  for  a  distance 
of  about  70  miles  down  the  river  the  strike  of 
the  formation  is  almost  parallel  to  the  general 
course  of  the  river.  The  river  cuts  the  top 
of  the  formation — the  Cook  Mountain- Yegua 
line — 15  miles  upstream  from  Roma.  Thus 
the  formation  is  exposed  in  the  ''breaks  of  the 
Rio  Grande''  for  a  distance  of  75  miles.  The 
towns  included  within  the  belt  of  outcrop  are 
Encinal,  Laredo,  San  Ygnacio,  Zapata,  and  a 
large  number  of  places  inhabited  by  Mexicans. 


This  change  in  the  strike  from  west  of  south 
to  east  of  south  so  as  almost  to  correspond  with 
the  course  of  the  Rio  Grande  from  Laredo  to 
Roma  was  not  known  to  all  previous  workers. 
Dumble,**  for  instance,  continuing  the  west  of 
south  by  east  of  north  strike,  draws  the  Cook 
Mountain- Yegua  contact  line  across  the  river 
8  miles  below  Laredo,  the  Yegua-Fayette  line 
about  4  miles  above  Zapata,  and  the  Fayette- 
Frio  line  on  the  Texas  side  a  mile  or  two  below 
Rio  Grande  City.  The  true  structure  was  first 
pointed  out  by  Vaughan,*'  who  had  collected 
Claiborne  fossils  far  down  the  Rio  Grande  and 
understood  that  they  came  from  the  ''Marine 
beds."  Thus  much  of  what  Dumble  has  con- 
sidered Fayette  was  recognized  by  Vaughan 
as  Cook  Mountain.  This  fact  explains  Dum- 
ble's  insistence  that  much  if  not  all  of  the 
Fayette  formation  is  of  Claiborne  age. 

Chara^cter, — The  Cook  Mountain  formation  is 
primarily  sandy,  and  the  sand  is  more  or  less 
firmly  cemented.  Most  of  the  rock  is  medium 
grained,  but  there  are  beds  of  fine-grained  and 
coarse-grained  sandstone.  The  beds  are  brown, 
red,  yellow,  green,  and  gray  and  are  com- 
monly ferruginous,  micaceous,  and  glauco- 
nitic.  Many  of  them  are  cross-bedded  and 
ripple  marked  ff  Interbedded  with  the  sand- 
stone is  some  yellowish,  bluish,  and  greenish- 
gray  or  chocolate-colored  clay  and  a  few  thin 
lenses  of  gray  limestone.  The  sandstone  and  at 
some  places  the  clay  contains  large,  dark- 
gray,  hard-centered,  crystalline  limestone  con- 
cretions, some  of  which  are  fossiliferous.  The 
lower  two-thirds  of  the  formation  weathers 
characteristically  into  red  sandy  soils;  the 
upper  third  at  most  places  weathers  gray. 
All  the  soils  derived  from  the  Cook  Mountain 
formation  support  vegetation,  which  is  un- 
usually luxuriant. 

Thickness. — The  estimates  of  the  thickness 
of  the  Cook  Mountain  formation  range  from 
187  to  668  feet,  and  average  422  feet. 

Fossils. — The  formation  everywhere  con- 
tains abundant  fossils,  by  which  it  can  be  dis- 
tinguished from  the  Mount  Selman  below  and 
the  Yegua  above;  indeed  it  can  thus  be  dis- 
tinguished from  all  other  formations  in  the 
region,   for  its   faunas   are  larger  and   more 

"  Dumble,  E.  T.,  Geology  of  Southwestern  Texas:  Am.  Inst.  Min. 
Eng.  Trans.,  vol.  33,  p.  916,  flg.  1, 1903. 

1*  Vaughan,  T.  W.,  Contributions  to  the  geology  and  paleontology  of 
the  Canal  Zone,  Panama,  and  geologically  related  areas  in  Central 
America  and  the  West  Indies:  U.  S  Nat.  Mua.  Bull.  103, 1919. 
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diversified  than  those  of  any  other  Tertiary 
formation  in  Texas.  The  faunas  within  the 
formation  present  four  more  or  less  distinct 
facies. 

One  of  these  faunas  is  found  at  the  base  of 
the  formation.  The  complete  specific  list  is  as 
follows : 

Anomia  ephippoides  Gabb. 

Buccinanope  ep.  cf.  B.  ellipticum  Whitfield. 

Callocardia  astartoides  Gardner. 

Callocardia  sp.  cf.  G.  bastropensis  (Harns). 

Callocardia  sp. 

Cerithinm  tezanum  Heilprin. 

Geiithium  webbi  Harris. 

Corbula  (Cuneocorbula)  conradi  Dall. 

Drillia?  sp. 

Egerella  sp. 

Epitonium  sp. 

Ladnia  alveata  Conrad? 

Ledasp. 

Levifusus  trabeatoides  Harris? 

Levifusus  sp. 

Ludna  sp.?  ' 

Natica  dumblei  Heilprin. 

Olivula  staminea  Conrad. 

Olivula  sp. 

Ostreaalabamiensis  subsp.  geoigiana  Conrad  (small). 

Polynices  arta  (Gabb). 

Pseudoliva  vetusta  Conrad. 

Sinum  declivum  Conrad? 

Solen  sp. 

Tuba  antiquata  Conrad. 

Turritella  sp. 

Venericardia  planicoeta  (Lamarck). 

Yoldia  sp.  cf .  Y.  psammotea  Dall. 

A  second  fauna  occurs  in  the  lower  part  of 
the  Cook  Mountain  formation  but  above  the 
biasal  beds.     A  complete  list  of  species  follows : 

Acteon  pomilius  Conrad. 

Adeorbis?  sp. 

Anomia  ephippoides  Gabb. 

Architectonica  sp.  aff.  A.  acuta  Conrad. 

Benoistia?  sp. 

Cadulus  sp. 

Callocardia  astartoides  Gardner. 

Callocardia  bastropensis  (Harris). 

Callocardia  sp. 

Cancellaria  panones  Harris. 

Cancellaria  sp.  ' 

Cardium  (Cerastoderma)  harrisi  Vaughan? 

Cardium  (Cerastoderma)  ouachi tense  Harris? 

Cassis?  sp. 

Cerithium  sp. 

Cochlispira  sp. 

Corbula  (Cuneocorbula)  conradi  Dall. 

Crassatellites  sp. 

Crepidula  sp. 

Cylichna  sp.  cf.  C.  jacksononsis  Meyer. 

Drillia  nodocarinata  (Gabb)? 

Drillia  texacona  Harris. 


Egerella  sp. 

Epitonium  trapaquara  (Harris). 

Eucheilodon  sp.  cf.  E.  reticulatoides  Harris. 

Eucheilodon?  sp. 

Ladnia  alveata  Gabb. 

Latirus  moorei  Gabb? 

Leda  bastropensis  Harris. 

Leda  compsa  Gabb. 

Lima  harrisiana  Aldrich. 

Ludna  sp.  cf.  L.  ozarkana  Harris. 

Mesalia  claibomensis  Harris. 

Murex  (Odontopolys)  sp. 

Natica  dumbld  Heilprin  (large). 

Natica  semilunata  Lea. 

Nucula  mauricensis  Harris. 

Olivula  staminea  Conrad. 

Ostrea  alabamiensis  subsp.  georgiana  Conrad  (small). 

Ostrea  sellaeformis  Conrad? 

Ostrea  sp. 

Pholadomya  sp. 

Plejona  petrosa  (Conrad). 

Plejona  precursor  (Dall)? 

Plejona  sp.  cf.  P.  haleiana  (Whitfield). 

Plejona  sp. 

Polynices  arata  (Gabb). 

Protocardia  sp.  cf.  P.  gambrina  Gabb. 

Pbeudamusium  sp. 

Ptoudoliva  sp.  cf.  P.  vetusta  Conrad. 

Pteropeis  lapidosa  Conrad. 

Pyrula  (Fusoficula)  sp.  cf.  P.  texana  Harris. 

Sinum  declivum  (Coniad). 

Solen  sp. 

Surcula  gabbi  Conrad. 

Teinostoma?  sp. 

Tellina  mooreana  Gabb? 

Tellina  sp.  A. 

Terebra  texagyra  Harris. 

Terebra  houstonia  Harris. 

Tomatina  sp. 

Tortoliva  texana  Conrad? 

Tuba  antiquata  Conrad? 

Turbonilla?  sp. 

Turriculasp.? 

Turrissp. 

Turritella  nasuta  Gabb. 

Venericardia  mooreana  (Conrad). 

Volvula  sp. 

Yoldia  sp.  cf .  Y.  psammotea  Dall. 

Yoldia  sp. 

The  middle  part  of  the  Cook  Mountain  for- 
mation carries  a  third  famia,  the  names  of  the 
species  of  which  follow: 

Ancillaria  sp. 

Architectonica  sp. 

Callocardia  astartoides  Cfardner. 

Callocardia  bastropensis  Harris. 

Callocardia  sp. 

Cancellaria  sp. 

Cerithium  texanum  Hdlprin. 

Corbula  (Cuneocorbula)  conradi  Dall. 

Corbula  sp. 

Diplodonta  sp. 
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Distoraio  septemdentata  Gabb. 

Drillia  8p.  cf.  D.  enstricina  Harris. 

Egerella  sp. 

Fusussp. 

Gaza?  sp. 

T4irinia  alveata  Conrad. 

LatiruB  moorei  Gabb? 

Leda  baBtropensiB  Hanis. 

Levifusus  sp. 

Lucinia?  sp. 

Martesia  sp. 

Mesalia  claibomensis  (Conrad)? 

Modiolus  (Brachidontes)  texanus  (Gabb). 

Natica  dumblei  Heilprin  (large). 

Natica  dumblei  Heilprin  (small). 

Natica  semilunata  Lea. 

Oiivula  staminea  Conrad? 

Ostrea  alabamiensis  subsp.  georgiana  Conrad. 

Ostrea  sp. 

Phofi  sagenus  (Conrad)? 

Pinna  sp. 

Plejona  petrosa  (Conrad). 

Plejona  sp. 

Polynices  arata  (Gabb). 

Psammobia?    sp. 

Pseudoliva  ostranipis  subsp.  pauper  Harris. 

Pseudoliva  vetusta  Conrad? 

Pteropsis  lapidosa  Conrad  subsp.? 

Pteropsis  sp. 

Pyrula  texana  Harris? 

lUmella  sp.  cf .  R.  texana  Harris. 

Siliqua  sp. 

Sinum  declivum  (Conrad)? 

Sphaerella  sp. 

Surcula  gabbi  Conrad? 

Teinostoma?    sp. 

Tellina  sp.  cf.  T.  mooreana  Gabb. 

Tellina  sp.  cf.  T.  tallecheta  Harris. 

Tellina  sp.  A? 

Trinarda  declivis  (Conrad). 

Tunis  vaughani  (Harris). 

Turrissp. 

Turritella  nasuta  Gabb. 

Venericardia  mooreana  Gabb. 

Venericardia  sp. 

Finally,  a  fourth  Cook  Mountain  fauna  is 
widely  distributed  at  the  top  of  the  formation. 
This  fauna  marks  the  Cook  Mountain- Yegua 
contact.  The  most  prominent  forms  are  a 
large  variety  of  Natica  dumblei,  which  is 
associated  with  Ostrea  georgiana.  Most  of  this 
fauna  is  contained  in  the  limestone  concretions, 
not  all  of  which,  however,  carry  fossils.  Many 
of  the  shells  have  been  rolled  and  abraded  and 
perhaps  concentrated  before  the  concretions 
were  formed.  A  list  of  the  species  making  up 
this  fauna  follows: 

Area  sp. 

Callocardia  astartoides  Gardner. 

Callocardia  sp.  cf.  C.  trigoniata  Lea. 


Calyptrophorus  sp.  cf.  C.  valatus  Conrad. 
Corbula  (Cuneocorbula)  conradi  Dall. 
Fusus?    sp. 

Natica  dumblei  Heilprin  (large). 
Ostrea  sp. 

Polynices  arata  (Gabb). 
Polynices  gibbosa  (Lea). 
Solen  sp. 

Tellina  mooreana  Gabb? 
Tellina  sp.  A? 
■  Tuba  antiquata  Lea? 
Tiurilella  sp. 
Venericardia  sp. 

YEQUA  FORMATION. 

The  Yegua,  the  youngest  of  the  Claiborne  for- 
mations, lies  with  some  indications  of  uncon- 
formity upon  the  Cook  Mountain  and  imderlies 
the  Fayette,  of  Jackson  age. 

Distribution, — The  map  shows  the  distribu- 
tion of  the  formation  at  the  surface  in  the  lower 
Rio  Grande  region.  The  belt  qf  outcrop  varies 
in  width  from  4^  to  17  miles,  the  variation  being 
probably  due  to  an  irregular  overlap  of  the 
Fayette.  The  outcrop  within  the  r^on  is 
confined  to  Webb  and  Zapata  counties  and  a 
small  part  of  western  Starr  County. 

Character, — ^About  90  per  cent  of  the  forma- 
tion in  this  area  appears  to  be  dark  gray,  black, 
red,  pink,  purple,  green,  and  brown  selenitic 
carbonaceous  clays.  The  predominant  color  is 
dark  gray,  and  the  material  weathers  into  dark- 
gray  clay  soils. ,  There  are  also  many  beds, 
lenses,  and  seams  of  soft  gray  and  buff  sands 
and  sandstones,  most  of  them  thin.  Dark, 
irregular  limestone  concretions  occur  sparingly 
in  the  clay. 

Thickness. — ^The  average  thickness  of  the 
strata  assigned  to  the  Yegua  outside  the  Rio 
Grande  region  is  817  feet,  and  the  range  is  from 
375  to  1,400  feet,  but  in  this  region  the  average 
thickness  of  the  beds  exposed,  so  far  as  it  can  be 
determined,  is  only  about  406  feet. 

Fossils, — ^Although  Dumble  "  reports  Tellina 
mooreana  Gabb,  Turritella  houstonia  Harris,  and 
Natica  recurva  Aldrich  from  beds  in  Mexico 
identified  as  Yegua,  it  seems  likely  that  the  beds 
from  which  they  were  collected  should  be  in- 
cluded in  the  .Cook  Mountain  of  the  Rio  Grande 
region.  Leaves  are  also  reported  to  have  been 
found  in  the  formation  at  places  outside  the 
region,  but  none  was  found  inside.  The  only 
fossil  seen  in  the  Yegua  in  the  region  covered  by 

M  Dumble,  E.  T.,  Tertiary  deposits  of  northeastern  Mexico:  CalifomiA 
Acad.  Set.  Proc.,  4th  ser.,  vol.  5,  No.  6,  p.  177, 1915. 
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this  report  is  Ostrea  georgianay  and  even  this 
occurs  more  sparingly  in  the  Yegua  than  in  the 
Cook  Mountain  below  or  the  Fayette  above. 
In  the  Rio  Grande  region  the  deposits  classi- 
fied as  Yegua  are  more  closely  allied  faunally 
with  the  Jackson  than  with  the  Claiborne,  but 
elsewhere  the  reverse  is  true.  Possibly  only 
the  upper  part  of  the  Yegua  occurs  here,  and 
this  part  may  be  really  of  Jackson  age.  Until 
this  can  be  demonstrated,  however,  the  Yegua 
will  all  be  classed  as  of  Claiborne  age. 

FAYETTE  SANDSTONE. 

Character. — The  materials  of  the  Fayette 
formation  are  fairly  characteristic,  although 
they  are  lithologically  like  those  of  the  Cook 
Mountain  formation,  with  which  they  are  likely 
to  be  confused,  but  the  fauna  and  flora  are  defi- 
nite and  on  the  whole  the  formation  is  not 
diflBcult  to  recognize  in  the  field. 

The  Fayette  contains  more  sand  and  sand- 
stone than  any  other  kind  of  rock,  yet  it  is  not 
so  sandy  in  the  Rio  Grande  region  as  it  is  farther 
north  and  east.  The  sandstone  is  exceedingly 
variable — in  color  almost  white,  gray,  greenish 
gray,  buff;  in  texture  fine,  medium,  and  coarse; 
in  consolidation  ranging  from  loose  sand  to 
quartzitic  sandstone.  The  most  characteristic 
feature  of  the  sandstone  is  that  it  is  fossilif erous. 
It  is  commonly  laminated  and  cross  laminated 
in  intricate  patterns.  Interbedded  with  the 
arenaceous  beds  there  are  many  beds  and 
lenses  of  sandy  and  limy  greenish-gray,  pink, 
and  red  shale  and  clay.  Limestone  is  scarce 
but  not  entirely  absent.  Beds  of  white  vol- 
canic ash  are  found  in  the  formation  at  sev- 
eral places.  Large,  dark,  crystalline  lime- 
stone concretions  are  common.  Sihcified  wood 
occurs  abundantly,  chiefly  in  the  clays  but  in 
the  sandstones  as  well.  Most  of  the  sihca  is 
opal,  but  chalcedony  is  found  also.  The  silici- 
fied  wood  is  characteristic  of  the  formation  in 
this  region. 

T%ichness. — ^The  thickness  of  the  formation  in 
this  region  averages  not  more  than  360  feet, 
about  100  feet  less  than  the  average  thickness 
elsewhere. 

FomZ^.— The  formation  contains  a  single 
identifiable  fossil,  a  large  variety  of  Ostrea 
georgiana  Conrad.  The  rich  Claiborne  fauna 
attributed  to  the  Fayette  by  Dumble  is  Cook 
Mountain,  as  explained  on  page  94,  but  a  num- 
ber of  species  of  fossil  plants  are  found  in  the 


ash  beds  and  some  in  the  sandstones.  The  best 
collections  were  obtained  at  points  2J  and  4^ 
miles  north  of  Miraflores  ranch,  in  Zapata 
County.  Berry  has  identified  the  following 
forms: 

Apocynophyllum  2  n.  sp. 

Bombacites  n.  sp. 

Cinnamomuin  sp. 

Coccolobis  n.  sp. 

Conocarpus  eocenicus  Berry. 

Diospyros  n.  sp. 

Inga  n.  sp. 

Mespilodaphne  n.  sp. 

Myristica  catahoulensis  Berry  (?). 

Nectandra  n.  sp. 

Papilionites  n.  sp. 

Pisonia  n.  sp. 

Sabalites  vicksburgensis  Berry. 

Sapindus  dentoni  Lesq. 

Sapotadtes  n.  sp. 

Spohora  claibomensis  Berry  (?). 

Terminalia  phaeocarpoides  Berry. 

Temstroemites  n.  sp. 

Berry  regards  these  plants  as  of  middle  or 
upper  Jackson  age  and  states  that  they  in- 
dicate a  warm,  probably  subtropical  climate, 
with  local  or  seasonal  aridity,  probably  with- 
out general  deficiency  in  rainfall.  Although 
some  of  the  formation  is  marine,  much  of  it, 
as  the  plants  suggest,  was  doubtless  deposited 
subaerially  on  coastal  sandy  and  clayey  plains. 
The  character  of  much  of  the  formation  in- 
dicates deposition  in  shallow  water  that  was 
subject  to  considerable  agitation. 

F&IO  CLAY. 

In  the  Frio  formation  there  are  100  to  400 
feet  of  gray,  greenish  and  yellowish  gray,  red, 
pink,  and  blue  pure  and  sandy  clays  and  a  very 
few  seams  of  gray  sandstone,  1  to  8  inches 
thick.  Perhaps  the  pink  color,  doubtless  due 
to  weathering,  predominates  in  the  expo- 
sures, practically  aU  of  which  are  shallow. 
Nearly  everywhere  the  clay  is  checked  by 
joints  in  which  secondary  calcium  carbonate 
occurs  in  thin  plates,  and  it  contains  many 
small  calcareous  nodules  and  some  small 
masses  that  appear  to  be  rolled  balls  of  cal- 
careous mud.  Some  of  the  clay  is  gypsif- 
erous.  With  the  exception  of  an  occasional 
oyster  bed  (Ostrea  georgiana)  and  a  very  few 
fragments  of  silicified  wood  the  formation  con- 
tains no  fossils.  Some  of  the  beds  of  volcanic 
ash,  notably  those  at  Rio  Grande  City  and  at 
and  in  the  neighborhood  of  La  Loma  de  la  Cruz 
east  of  Rio  Grande  City,  at  least  one  of  which 
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is  60  feet  thick,  are  in  the  Frio  formation 
rather  than  in  the  Fayette.  These  ash  de- 
posits, however,  unlike  those  in  the  Fayette, 
carry  no  fossil  plants;  but  it  should  be  noted 
that  not  all  the  ash  in  the  Fayette  is  leaf- 
bearing. 

MIOCENE   SERIES. 
OAKVJLLXE  SANDSTONE. 

Deussen  ^*  describes  and  maps  in  the  area 
covered  by  him  south  and  west  of  Brazos 
River  to  the  border  of  the  lower  Rio  Grande 
region  a  thin  formation  of  white  and  light-gray 
quartzitic  sandstone,  which  he  calls  the  Oak- 
ville  sandstone.  This  formation  is  also  men- 
tioned by  Dumble,^^  Udden,^^  and  others.  As 
mapped  by  Deussen,  it  lies  in  a  belt  a  mile 
wide  along  the  west  foot  of  the  Bordas  scarp, 
between  the  Frio  and  Reynosa  formations, 
east  of  Torrecillas,  in  Webb  County,  at  the 
north  border  of  the  Rio  Grande  region,  but  the 
writer  found  no  certain  evidence  of  the  out- 
crop of  this  sandstone,  although  it  is  doubtless 
overlapped  by  the  Reynosa,  which  forms  the 
Bordas  scarp.  In  the  lower  Rio  Grande  region 
the  Frio  day  seems  to  continue  well  up  the  west 
slope  of  the  scarp  and  there  to  be  in  contact 
with  the  Reynosa  formation.  Where  the  Rio 
Grande  has  cut  across  the  Bordas,  exposing  a 
section,  the  Reynosa  lies  directly  upon  the 
clay  and  ash  of  the  Frio  formation.  Nor  does 
the  Oakville  appear  between  these  two  forma- 
tions, in  the  15  miles  of  the  exposure  of  their 
contact  in  a  direction  roughly  parallel  to  the 
dip  between  Rio  Grande  City  and  Sam  Fordyce. 
In  roads,  pastures,  and  fields  between  Randado 
and  the  Webb-Zapata  shallow  oil  field  and 
elsewhere  along  and  near  the  Bordas,  to  the 
west,  there  is  a  deep  white  or  gray  sand  which 
may  have  been  derived  from  the  Oakville. 
The  same  kind  of  sand,  however,  is  commonly 
found  east  of  the  Bordas,  where  it  is  derived 
from  the  Reynosa  formation.  It  even  appears 
to  be  derived  from  the  Reynosa  west  of  the 
Bordas,  where  there  are  outliers  of  the  Reynosa. 

There  are  in  the  region,  however,  rather 
thick  Miocene  sediments,  which  are  overlapped 
by  younger  formations.  Driller's  samples 
taken  at  depths  ranging  from  4,325  to  4,500 

u  Deussen,  Alexander,  Geology  of  the  Coastal  Plain  region  of  Texas: 
U.  S.  Oeol.  Survey  Prof.  Paper  126  (in  press). 

"*  Dumble,  E.  T.,  Problem  of  the  Texas  Tertiary  sands:  (]eol.  Soc. 
America  Bull.,  vol.  26,  pp.  449  et  scq.,  1915. 

»  Udden,  J.  A.,  Baker,  C.  L.,  and  IJose,  Emil,  Review  of  the  geology  of 
Texas:  Texas  Univ.  Bull.  44,  p.  97,  1916. 


feet  in  the  Niels  Esperson  oil  test,  15  miles  east 
of  Brownsville,  have  furnished  many  inverte- 
brate fossils,  of  which  Dr.  Julia  Gardner  has 
identified  23  species,  all  of  Miocene  age.  The 
exact  position  of  these  fossils  in  the  Miocene 
can  not  be  determined,  but  according  to  Dr. 
Gardner  the  single  faima  represented  should 
probably  be  assigned  to  a  formation  near  the 
top  of  the  lower  Miocene  or  the  base  of  the 
middle  Miocene. 

PLIOCENE    SERIES. 
LAPAKA  SAVD  AVD  I^GABTO  CLAT. 

The  Pliocene  Lapara  and  Lagarto  forma- 
tions, described  by  Deussen,'*  Dumble,'*  and 
Udden,  Baker,  and  Bose,'*  from  areas  farther 
north,  do  not  outcrop  in  the  Rio  Grande 
region.  If  they  were  deposited  there  they 
have  been  covered  by  the  overlapping  Rey- 
nosa formation. 

TEBTIABT  (?)  SYSTEM. 

PLIOCENE  (  ?)  SERIES. 
HSTVOSA  FOBMATIOV. 

Name, — In  1890  Penrose  '^  described  a  de- 
posit of  limestone  containing  many  pebbles 
and  cobbles  under  the  name  ''Reynosa  lime- 
stone," from  the  town  of  Reynosa,  Tamaulipas, 
Mexico.  This  limestone  overUes  what  was 
then  called  the  Fayette  sand  at  Reynosa, 
directly  across  the  Rio  Grande  from  Hidalgo, 
Tex.  Penrose  found  Recent  shells  embedded 
in  the  surface  of  exposures  of  this  formation, 
and  thinking  it  was  Recent,  included  it  in  his 
''post-Tertiary  formations."  In  1891  HilP« 
described  remnants  of  a  formation  that  con- 
sisted of  coarse  and  fine  gravel  cemented  by  a 
calcareous  matrix  and  that  occupied  terraces 
400  to  1,000  feet  above  the  Rio  Grande  to  the 
north  of  this  region.  This  he  called  the 
Uvalde  formation.  Dumble  *•  appUed  the 
name  Reynosa  division  to  the  series  of  deposits 
forming  the  plateau  between  Nueces  and  Rio 
Grande,  wliich  he  called  the  Reynosa  plateau. 

)<  Deussen,  Alexander,  (reology  of  the  Coastal  Plain  region  of  Texas: 
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He  stated  that  the  ''Reynosa  limestone''  of 
Penrose  formed  the  top  member  of  his  Reynosa 
division,  which  rested  on  the  Lagarto  formation. 
These  downstream  deposits  to  which  Dumble 
applied  the  name  Reynosa  are  now  known  to 
be  the  same  as  the  upstream  remnants  to 
which  Hill  applied  the  name  Uvalde,  and  the 
necessity  for  discarding  one  of  the  names  has 
become  apparent.  In  view  of  the  fact  that 
Reynosa  as  applied  to  a  part  of  this  formation 
has  priority  over  Uvalde,  and  that  the  down- 
stream deposits  perhaps  aflFord  a  better  type 
locality,  the  name  Reynosa  has  been  adopted 
by  the  United  States  Geological  Survey  and 
*' Uvalde"  formation  has  been  abandoned. 
The  outcrop  of  the  formation  is  continuous 
from  Torrecillas  and  Rio  Grande  City  east- 
ward. In  the  area  west  of  the  Bordas  scarp 
it  occurs  as  remnantal  patches,  some  of  them 
doubtless  reworked.  These  materials  were 
included  by  McGee  in  his  "Lafayette,"  a 
name  no  longer  recognized  as  applicable  to  any 
geologic  formation. 

Distribution, — ^The  map  shows  the  distri- 
bution of  the  Reynosa  formation  in  the  lower 
Rio  Grande  region.  Its  resistant  layers  hold 
up  the  Frio  clay;  its  base  forms  the  Bordas 
scarp,  from  which  it  dips  at  a  very  low 
angle  eastward,  outcropping  in  a  north-south 
belt  40  to  65  miles  wide.  In  much  of  this 
area,  however,  its  outcrops  are  obscured  by 
the  wind-blown  sands  of  the  sand  belt.  West 
of  the  Bordas  it  occurs  only  in  patches  that 
occupy  the  highest  elevations. 

ReUUiona  to  adjacent  formations, — ^The  Rey- 
nosa lies  unconformably  on  all  older  forma- 
tions. The  dip  of  the  formation  is  much  less 
than  that  of  the  older  formations,  and  as  the 
surface  on  which  it  lies  is  almost  flat,  it  bevels 
the  older  formations.  This  structural  un- 
conformity, which  is  shown  on  the  map,  is 
well  seen  in  the  bluffs  of  the  Rio  Grande  be- 
tween Rio  Grande  City  and  Sam  Fordyce. 
After  the  deposition  of  the  Oakville,  and  doubt- 
less after  Lapara  and  Lagarto  time,  the  strata 
of  the  region  were  slightly  tilted  and  a  flattish 
surface  was  developed  across  their  beveled 
edges,  and  on  this  surface  the  Reynosa  forma- 
tion was  deposited.  In  this  area  it  is  un- 
conformably overlain  by  the  Beaumont  clay. 

Character. — The  Reynosa  formation  is  an 
intricate  mixture  of  gravel  cemented  by  lime 
carbonate,   uncemented   gravel,   limestone   in 


which  are  embedded  pebbles  and  cobbles, 
almost  gravelless  limestone,  sand,  sandstone, 
gravelly  sand,  and  a  relatively  small  amount  of 
clay. 

About  1  per  cent  of  the  pieces  of  gravel  are 
over  4  inches  in  diameter,  and  the  largest 
measure  8  inches.  About  a  third  of  them  are 
of  sizes  between  1^  inches  and  4  inches;  another 
third  go  through  the  1^  inch  screen  but  are 
caught  on  the  f-inch;  and  nearly  a  third  goes 
through  the  f-inch  screen.  The  patches  of 
gravel  near  the  Rio  Grande  are  a  bit  coarser 
than  those  farther  away,  and  those  inland  and 
near  the  Balcones  scarp  seem  to  be  somewhat 
coarser  than  those  away  from  the  river  but 
nearer  the  Gulf.  The  gravel  includes  about  77 
per  cent  of  chert,  limestone,  and  vein  quartz, 
materials  derivable  and  doubtless  largely 
derived  from  the  Edwards  Plateau,  and  about 
23  per  cent  of  igneous  rock,  most  of  them 
derived  from  the  western  Cordillera.  Some 
of  the  vein  quartz  may  have  been  derived  from 
points  west  of  the  plateau,  but  on  the  other 
hand  some  of  the  igneous  rocks  may  have 
been  derived  from  plugs  near  the  Balcones 
scarp.  Where  the  gravel  overlies  the  Fayette 
and  Frio  formations  it  includes  some  silicified 
wood.  Most  of  the  pebbles  and  cobbles  are 
well  shaped  by  abrasion,  many  of  them  are 
highly  polished,  and  some  show  bruises  made 
by  hard  impact  during  transportation.  The 
gravel  deposits  are  roughly  sorted  into  lenses 
and  pockets  of  different  textural  grades. 

The  limestone  is  gray  and  sandy  and 
weathers  into  rough,  irregular  surfaces,  due  to 
irregular  concretions  and  impurities.  In  places 
it  has  surficially  a  tufaceous  appearance.  Its 
basin,  rims,  terraces,  channels,  and  concentric 
banding  are  suggestive  of  deposition  by 
springs.  The  patches  south  of  Espejo  ranch, 
in  north-central  Webb  County,  and  at  Carrizo 
Springs  are  clearly  spring  deposits,  but  these  are 
not  typical,  for  they  contain  little  or  no  gravel. 

The  sand  and  the  sandstone  are  gray  or 
brown  or  red  and  almost  universally  weather 
into  a  dark-red  sand.  The  grains  are  quartz 
coated  with  red  iron  oxide,  but  in  places  where 
this  red  coating  has  been  worn  off  by  the  wind 
the  sand  is  gray,  or  even  white. 

The  few  clays  are  generally  sandy,  but  some 
are  almost  fat.  Below  Rio  Grande  City  the 
Reynosa  formation  includes  mud  baUs  of  Frio 
clay. 
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The  siirficial  material  derived  from  the 
Reynosa  is  typically  deep-red,  pink,  or  gray 
sand,  through  which  white  or  gray  limestone 
projects  at  many  places. 

ThicJcness. — The  thickness  of  the  formation 
is  not  definitely  known.  The  patchy  deposits 
west  of  the  Bordas  do  not  exceed  30  feet  in 
thickness  except  at  a  very  few  places,  but  at 
the  east  border  of  the  main  belt  of  outcrop  the 
formation  may  be  500  feet  thick  or  more,  and 
around  the  borders  of  the  Rio  Grande  region 
it  is  200  to  600  feet  thick. 

Fossils, — No  fossils  have  been  found  in  the 
Reynosa  formation  except  the  remains  of 
Recent  land  snails,  crayfish,  jackrabbits,  and 
a  few  other  animals,  whicn  have  become  em- 
bedded in  the  surface  as  the  limestone  has 
been  dissolved  and  reprecipitated,  and  except 
the  fossils  originally  deposited  in  the  forma- 
tions from  which  the  gravel  was  derived. 

Origin. — ^To  attempt  at  this  time  a  com- 
plete explanation  of  the  conditions  imder 
which  this  complex  formation  was  deposited 
and  cemented  would  be  premature.  In  the 
main  it  is  of  fluvial  origin.  At  least  the 
gravel  and  the  interbedded  sand  and  clay 
were  laid  down  by  streams.  Hill  and 
Vaughan'^  gave  an  excellent  description  of  the 
landward  facies  of  the  formation  and  inter- 
preted it  as  residual  material  washed  out 
from  the  Edwards  Plateau  in  late  Tertiary 
time  and  deposited  on  the  downthrown  side  of 
the  Balcones  fault  in  fan-shaped  areas.  Per- 
haps, owing  to  peculiar  climatic  conditions, 
as  suggested  by  Deussen,'*  some  of  the  lime- 
stone was  deposited  by  ground  water  while  the 
main  mass  of  the  formation  was  being  laid 
down  by  streams.  Some  of  the  limestone  also 
appears  to  have  been  deposited  at  the  surface 
by  springs  that  rose  through  the  gravel. 

QUATEBNABT  SYSTEM. 

PLEISTOCENE  SERIES. 
USSIE  OBAVEL. 

North  of  the  Rio  Grande  region  Deussen 
finds  in  valleys  in  the  Reynosa  formation  a 
deposit  of  uncemented  gravel  without  lime- 
stone, reaching  in  places  a  thickness  of  900 
feet.     These  are  the  ^'  Equus  beds^^  of  earlier 

••  Hill,  R.  T.,  and  Vaughan,  T.  W.,  Geology  of  the  Edwards  Plateau 
and  Rio  Grande  Plain  adjacent  to  Austin  and  San  Antonio,  Tex.:  U.  S. 
Geol.  Survey  Eighteenth  Ann.  Rept.,  pt.  2,  pp.  214-247,  254-255, 1898. 

n  Deussen,  Alexander,  orallnformation. 


writers,  so  called  because  they  contain  the 
remains  of  Pleistocene  horses.  This  gravel 
was  doubtless  derived  from  the  Reynosa, 
which  was  uplifted  and  eroded  before  the  main 
body  of  Lissie  gravel  was  deposited.  No 
exposure  of  this  material  was  seen  in  the  Rio 
Grande  region,  but  perhaps  it  may  be  hidden 
beneath  the  sand  of  the  sand  belt  and  the 
Recent  delta  deposits  of  the  Rio  Grande  or 
overlapped  by  the  Beaumont  clay. 

BEATTHOITT  CLAY. 

Name  and  distribviion, — ^Throughout  the 
west  Gulf  Coast  province  there  is  a  coastal 
belt  of  clay  of  varying  width,  from  which 
deposits  of  silt,  sand,  and  gravel  project  up 
along  the  main  river  valleys  in  the  form  of 
terraces.  These  terrace  deposits  are  called  the 
Leona  formation. 

The  Beaumont  formation  has  been  called  the 
"Coast  clays"  and  the  Port  Hudson  clay,  but 
it  is  not  known  to  be  the  same  as  the  typical 
Port  Hudson  formation  of  Louisiana.  It  is 
correlated  in  time  with  the  Columbia  formation 
of  the  Atlantic  coast.  The  term  Beaumont, 
which  was  first  employed  by  Kennedy,**  is 
used  to  designate  the  formation  in  this  region. 
This  formation  is  covered  by  Recent  wind- 
blown sand  for  about  50  miles  southward  from 
the  north  border  of  the  Rio  Grande  region,  and 
still  farther  south  by  the  younger  clays  and 
sands  that  form  the  present  delta  of  the  Rio 
Grande,  but  it  is  exposed  at  some  places  in  the 
narrow  strip  north  of  the  sand  belt,  within  the 
sand  belt  where  at  places  it  has  been  uncovered 
by  the  migration  of  dunes,  and  south  of  the 
sand  belt  above  high-water  mark  in  the  Rio 
Grande.  Its  areal  distribution  is  shown  on  the 
map. 

Chara<:ter, — The  Beaumont  formation  con- 
sists of  blue  and  red  calcareous  clay,  weather- 
iug  yellow,  a  small  number  of  thin  lenses  of 
sand,  and  a  few  scattered  concretions  of  lime- 
stone. It  includes  also,  as  shown  by  well  logs, 
a  few  beds  of  gravel  which  are  not  exposed  at 
the  surface  and  do  not  belong  to  the  underlying 
Lissie  and  Reynosa  formations.  That  part  of 
the  formation  near  the  Rio  Grande  is  coarser 
than  that  elsewhere.     Much  of  this  material 

was  swept  down  the  Rio  Grande  and  reworked 

• — —  » 

*>  Hayes,  C.  W.,  and  Kennedy,  William,  Oil  fields  of  the  Tezas-Looist- 
ana  Gulf  Coastal  Plain:  U.  S.  Geol.  Survey  Bull.  212,  pp.  20,  27,  pis. 
1  and  2,  1903. 
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more  or  less  by  Gulf  currents  before  it  was 
deposited.  The  surficial  material  of  the  for- 
mation in  this  belt  is  chiefly  dark-gray  clay 
loam  overlain  by  a  thin  sheet  of  drifting  sand. 
Fossils. — No  fossils  were  f omid  in  the  coastal 
belt  of  this  region,  but  oyster  beds  are  reported 
from  the  formation  at  some  places  farther 
north. 

LEONA  FORMATION. 

Distribution. — In  the  valleys  of  the  Rio 
Grande  and  of  Frio,  Leona,  and  Nueces  rivers 
there  are  a  number  of  terraces,  all  of  them 
lying  at  levels  between  the  Reynosa  upland 
plain  and  the  present  flood  plains  of  the 
streams.  Such  terraces  are  also  found  for  a 
few  miles  up  the  larger  tributaries  of  the  Rio 
Grande.  Hill  and  Vaughan  ^  first  described 
these  deposits  in  the  upper  Nueces  drainage 
basin  as  the  Leona  formation.  They  also  men- 
tion ^  the  Rio  Grande  terraces  and  state  that 
they  are  undoubtedly  of  the  same  age  as  the 
Leona  formation.  Certainly  there  are  no 
greater  diflferences,  either  in  topographic  posi- 
tion or  in  material,  than  would  be  expected  in 
deposits  of  this  sort  and  of  the  same  age  but  in 
different  drainage  basins.  Deussen,'*^  on  the 
other  hand,  believes  that  the  Leona  formation 
is  older  than  the  terraces  of  the  Rio  Grande. 
He  correlates  the  Leona  with  the  terraces  in 
the  basin  of  San  Antonio  River  at  San  Antonio, 
and  as  the  remains  of  vertebrates  have  been 
found  in  the  terraces  at  San  Antonio  which 
identify  them  in  age  with  the  ^^  Equus  beds,'' 
he  correlates  the  Leona  formation  with  the 
Lissie.  No  vertebrate  fossils  have  been  found 
in  the  deposits  on  the  Rio  Grande,  and  these 
terraces  appear  both  to  Deussen  and  to  the 
writer  to  be  continuous  with  the  Beaumont 
clay  and  of  the  same  age.  As  no  formation 
corresponding  to  Deussen's  Lissie  could  be 
found  in  the  lower  Rio  Grande  district,  as 
Udden,  Baker,  and  Bose  '®  correlate  the  Lissie 
with  the  Reynosa  and  the  *'  Equus  beds  *'  with 
the  Beaumont,  as  identical  invertebrate  fossils 
occur  abundantly  in  both  the  Rio  Grande  and 
the  Nueces  terraces,  as  in  neither  drainage 
basin  have  vertebrate  fossils  been  found,  and 
as  both  the  Rio  Grande  terraces  and  the  Leona 
formation  occupy  topographic  positions  from 
20  to  60  feet  above  present  stream  beds  and 

«  Op.  cit.,  pp.  253-251,  275-276. 

M  Op.  cit.,  pp.  251-254. 

M  Deussen,  Alexander,  oral  information. 

*  Op.  dt.,  pp.  09  and  102. 


from  75  to  150  feet  below  the  Reynosa  plain, 
the  terraces  in  the  Rio  Grande  basin  are  in- 
cluded, for  the  present  at  least,  in  the  Leona 
formation,  and  the  Leona  formation  is  cor- 
related in  time  with  the  Beaumont  clay. 

Character. — The  Rio  Grande  and  Nueces  ter- 
races are  composed  mainly  of  light-gray  and 
buff  silt  but  include  some  sand  and  fine  gravel. 
The  terraces  are  flat  topped  and  have  steep 
riverward  slopes.  At  most  places  there  are 
two  or  three  rather  than  a  single  terrace.  At 
Palafox,  for  instance,  there  are  three  terraces 
above  the  present  flood  plain  of  the  Rio  Grande, 
one  21  feet,  another  32  feet,  and  a  third  63  feet 
above  the  level  of  the  river  when  it  was  at  a 
higher  stage  than  the  normal.  These  terraces 
converge  downstream,  to  the  south,  becoming 
fewer  in  number  until  they  merge  into  a  single 
terrace.  Hand-level  traverses  carried  from 
the  river  to  the  top  of  the  main  terrace  at 
several  places  gave  the  results  shown  below. 
The  places  are  listed  from  north  to  south,  and 
the  apparent  discrepancies  are  due  to  the  fact 
that  the  several  traverses  were  made  at  times 
when  the  water  was  at  different  stages. 

Elevation  of  terraces  along  the  Rio  Grande  above  level  of  water 

in  river. 

Feet. 

Mouth  of  San  Lorenzo  Creek 50 

Bigford  ranch 45 

Apache  ranch 43 

Minero 55 

Laredo 60 

Fordyce 61 

Ramerefio 61 

Chapefio 42 

Salineiio 52 

Santa  Margarita 52 

Three  milee  below  Roma 34 

Five  miles  above  Rio  Grande  City 36 

Rio  Grande  City 26 

Garcia 24 

Fossils. — The  Leona  formation  has  yielded 
several  fresh-water  (>nd  air-breathing  mol- 
lusks.     The  specific  list  includes: 

Bulimulus  dealbatus  Schiedeanus. 

Helicina  tropica  Pfeiffer. 

Lampeilis  purpuratus  Lamarck? 

Planorbis  tricarinatus  Say. 

Polygyra  texasiana  Mori. 

Unio  tetralasmus  var.  camptodon. 

Unio  tetralasmus  vas.  manubius  Gould. 

These  forms  are  Pleistocene  or  Recent.  The 
heavy  dentition  on  the  unios  as  compared  with 
those  now  living  in  the  Rio  Grande  and   its 
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tributaries  suggests  Pleistocene  age  rather  than 
Recent.  The  fact  that  the  streams  have  de- 
graded their  beds  as  much  as  60  feet  since  the 
deposits  in  which  the  shells  are  inclosed  were 
laid  down  also  indicates  a  considerable  lapse  of 
time.  The  deposits  are  correlated  with  the 
Beaumont,  which  is  classified  as  Pleistocene. 
The  Leona  formation  is  therefore  regarded 
as  of  Pleistocene  age. 

RECENT   SERIES. 
FLXrVIATILE  DEPOSITS. 

Delta  deposits  are  still  being  formed  at  the 
mouth  of  the  Rio  Grande.  Below  Closner, 
where  the  normal  flood  plain  merges  into  the 
delta,  large  areas  are  still  subject  to  flood. 
What  is  known  as  the  ''Mission  ridge/'  utilized 
for  the  railroad,  the  main  automobile  road,  and 
the  "valley''  towns — ^Mission,  McAllen,  Pharr, 
San  Juan,  and  Donna — ^stands  above  flood 
waters  and  is  included  within  the  Beaumont 
formation,  but  even  here  the  land  slopes  away 
from  and  toward  the  river  from  the  axis  of  the 
ridge.  Other  tqwns  in  the  "valley,"  including 
Llano  Grande,  Mercedes,  Harlingen,  Raymond- 
ville,  Lyford,  Sebastian,  and  Brownsville,  are 
likely  to  be  flooded  in  years  of  high  water,  such 
as  1909,  1919,  and  1922.  These  towns  are  on 
higher  land,  however,  and  are  now  largely  pro- 
tected by  great  irrigation  canals  and  their 
borrow  pits.  Breaks  occur  in  the  river  banks 
as  far  upstream  as  a  point  above  Mission,  and 
old  river  channels  or  "resacas"  are  found  on 
the  widening  flood  plain.  These  resacas  extend 
down  the  valley  as  far  as  Donna,  where  they 
concentrate  into  the  definite  channel  of  the 
Rio  Colorado,  which  thus  becomes  a  distribu- 
tary of  the  Rio  Grande.  The  channel  of  the 
Rio  Colorado  is  as  much  as  40  feet  deep  where 
it  is  deepest,  near  Harlingen,  and  200  feet  wide. 
It  carries  safely  the  flood  waters  of  the  Rio 
Grande  except  at  times  of  the  highest  floods, 
when  the  water  breaks  through  on  both  sides 
of  Mercedes  and  flows  into  the  basin  of  Lake 
Tiocano  and  thence  northward  toward  Ray- 
mondville,  eastward  toward  the  Gulf  (crossing 
the  St.  Louis,  Brownsville  &  Mexico  Rail- 
way south  of  Lyford),  and  back  again 
southeastward  to  the  Rio  Colorado  near  Har- 
lingen. Much  of  this  water  never  reaches  the 
Gulf,  for  the  surface  is  so  flat  and  grassy  and 
the  Gulfward  slope  is  so  low  that  the  water 
stands  in  shallow  depressions  and  behind  irri- 


gation canals,  and  there  evaporates  or  seeps 
into  the  porous  silts  and  sands.  The  area  that 
is  subject  to  flood  is  mapped  as  Recent  fluviatile 
deposits.  The  Rio  Grande  flood  plain  above 
Closner  is  too  narrow  to  be  mapped  separately 
from  the  Leona.  terraces  and  the  Tertiary  for- 
mations where  the  Leona  is  missing. 

Only  the  surficial  part  of  this  deposit  is  non- 
marine.  The  area  having  been  reclaimed  from 
the  Gulf  by  the  deposition  of  sediments  brought 
down  by  the  Rio  Grande  the  lower  beds  are 
marine,  for  they  contain  marine  Foraminifera, 
which  are  f  oxmd  where  the  beds  are  penetrated 
by  wells.  The  material  seen  in  surface  expos- 
ures is  a  mixture  of  highly  calcareous  and  some- 
what selenitic  gray,  blue,  red,  and  brown  clay, 
checked  by  joints  filled  with  calcium  carbonate, 
gray  micaceous  sand,  gray  silt,  and  some 
pebbly  sand,  the  whole  impregnated  with  small 
white  pellets  of  lime  carbonate.  The  clay 
greatly  predominates. 

On  the  surface  of  the  delta,  particularly 
along  the  coast  from  Raymond  ville  to  Browns- 
ville, there  are  nimierous  moimds,  5  to  30  feet 
in  height,  made  of  clay  and  known  as  ''clay 
buttes."  Though  several  diverse  suggestions 
as  to  the  origin  of  these  mounds  have  been 
offered,  the  suggestion  made  by  Coffey,''  that 
they  are  ''clay  dunes,"  seems  most  reasonable. 
Most  of  them  lie  on  the  leeward  side  of  shal- 
low depressions,  which  are  doubtless  the  source 
of  the  material '  of  which  they  were  formed. 
Many  of  these  depressions  contain  salt  lagunas. 

Fresh-water  and  land  shells,  bones,  logs, 
leaves,  and  other  organic  matter,  all  Recent  in 
age,  are  foimd  in  the  fluviatile  deposits  in  con- 
siderable abimdance. 

wnm-BLowir  8Aan>. 

Recent  deposits  that  are  most  widely  dis- 
tributed are  the  sand  dunes  and  wind-drifted 
sandy  plains  of  a  large  area  that  extends  con- 
tinuously along  the  coast  southward  from 
Baflins  Bay  to  a  point  east  of  Raymondville 
and  westward  for  75  miles  in  a  belt  that  is  25 
to  50  miles  wide  from  north  to  south.  This 
area  includes  practically  all  of  Willacy  and 
Brooks  counties  and  the  northern  parts  of 
Hidalgo  and  eastern  Jim  Hogg  counties. 
Padre  Island  also  consists  cliiefly  of  sand  dunes 
blown  up  from  the  beach  of  the  Gulfward  side 
of  the  island.  iThis  is  an  area  of  migrating  and 
stationary  dunes,  or  ^^medanos,"  and  of  the 

"  Coffey,  G.  N.,  Clay  dunes:  Jour.  Geology,  vol.  17,  pp.  754-766, 1909. 
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shallow  irregular  depressions  that  are  so  com- 
mon in  all  dune  areas. 

Near  the  coast,  where  the  Beaumont  clay 
underlies  the  sand,  the  depressions  contain 
shallow  lagujias,  both  salt  and  fresh.  There 
are  also  considerable  stretches  of  sandy  prairie, 
and  at  many  places  where  there  is  no  surficial 
sand  the  Reynosa  and  Beaumont  formations 
are  exposed.  The  dunes  are  sparsely  covered 
with  live-oak  trees  and  the  prairies  are  dotted 
with  patches  of  live-oak  brush.  There  are  also 
large  areas  of  wild  grasses  and  ''sacahuista." 

Most  of  the  sand  is  gray  or  white,  but  some 
of  it,  especially  where  it  overlies  the  Reynosa 
formation,  is  red  or  pink.  It  has  been  thought 
that  all  this  sand  was  blown  inland  from  the 
coast,  and  perhaps  most  of  it  was,  although 
there  is  no  greater  source  of  sand  here  than 
elsewhere  along  the  coast,  but  some  of  it  was 
derived  from  the  Reynosa  formation,  on  which 
the  sand  in  the  western  part  of  the  belt  lies. 
Here  ''blowholes''  expose  the  Reynosa  reddish- 
brown  sands,  and  the  dunes  consist  of  this  sand. 
Even  the  gray  sands  may  be  derived  from  the 
Reynosa,  the  colored  iron  coating  having  been 
abraded  from  the  quartz  grains  during  eolian 
transportation. 

COASTAL  DEPosrrs. 

Padre  Island  is  a  long  dune-covered  barrier 
island,  which  is  nowhere  more  than  a  mile  wide. 
It.  incloses  Laguna  Madre,  which  is  4  to  10 
miles  wide.  On  the  Gulf  side  of  the  island 
there  are  the  usual  littoral  deposits.  The 
beach  is  sandy  and  is  strewn  with  innumerable 
sea  shells.  The  water  of  the  laguna  is  at  most 
places  so  shallow  that  it  can  be  easily  waded; 
indeed,  at  some  times  and  places  it  is  only  a 
mud  flat  incrusted  with  precipitated  salts. 
At  Point  Isabel,  however,  gasoline  launches 
ply  between  the  mainland  and  the  island,  but 
long  piers  are  necessary,  and  the  boats  drag  the 
bottom  for  considerable  distances  out  from 
either  shore.  In  the  lagima  mud,  silt,  sand, 
shells  and  fragments  of  shells,  and  salt  are  all 
being  laid  down  to  form  the  usual  lagoon 
deposit. 

IGNEOUS  ROCKS. 

In  southwestern  Uvalde  County,  just  outside 
the  region  and  not  shown  on  the  map,  there  are 
several  small  exposures  of  igneous  rocks  in  the 
form  of  plugs  or  necks.  Most  of  them  make 
hills,  but  some  are  exposed  in  stream  valleys 
or  on  flat  surfaces.     The  rocks  are  phonolites 


and  basalts,   which  have  been  described  by 
Cross."" 

STRUCTURE. 

The  general  dip  of  the  strata  in  the  Rio 
Grande  region  is  eastward.  North  of  Laredo 
the  dip  is  south  of  east,  between  Laredo  and 
San  Ygnacio  it  is  nearly  due  east,  and  below 
San  Ygnacio  it  is  north  of  east. 

The  averages  of  the  dips  read  for  the  forma- 
tions are  shown  below. 

■ 

Average  dip,  in  feet  per  mile,  o//ormation$  in  the  Rio  Grande 

•  region. 

Beaumont  clay  (Pleistocene) 25 

Reynosa  fonnation  (Pliocene?) 17 

Frio  clay 263 

Fayette  sandstone 201 

Yegua  formation 296 

Cook  Mountain  formation 435 

Mount  Selman  formation 180 

Wilcox  group  (Bigford  formation,  Carrizo  sandstone, 

and  Indio  formation) 384 

Midway  formation 155 

These  averages  are  probably  too  high,  how- 
ever, for  the  steeper  dips  are  those  that  are 
most  commonly  read.  At  most  places  the 
strata  are  so  nearly  horizontal  that  the  dip 
is  not  observable.  The  true  average  dip  of 
each  formation  ia  probably  less  than  half  that 
given  above.  According  to  the  figures  given 
the  average  dip  of  the  Eocene  formations  is 
273  feet  per  mile  and  the  Reynosa  and  Beau- 
mont together  average  21  feet  per  mile.  These 
figures  should  probably  be  reduced  to  136  and 
10,  respectively,  or  even  to  lower  figures.  The 
discrepancy  between  the  Eocene  and  post- 
Eocene  formations  again  emphasizes  the  struc- 
tural imconformity  at  the  base  of  the  Reynosa. 

The  reconnaissance  methods  employed  did 
not  permit  detailed  structural  investigations, 
but  indications  of  abnormal  structure  were 
observed  or  were  authentically  reported  to 
occur  at  a  few  places.  According  to  Baker*' 
there  is  an  anticline  about  10  miles  west  of 
Carrizo  Springs,  another  about  15  miles  south- 
east of  Eagle  Pass,  and  probably  still  another, 
l^-ing  chiefly  in  Mexico,  southwest  of  the  old 
Indio  ranch  house.  The  writer  saw  indica- 
tions of  the  first  of  these.  The  second  is 
described    by  Udden.^®    Along  Nueces  River 

w  Cross,  Whitman,  U.  S.  Geol.  Survey  Gcol.  Atlas,  Uvalde  folio  (No 
6i),  pp.  3,  4,  1900. 

*9  Baker,  C.  L.,  personal  communication. 

M  Udden,  J.  A.,  Report  on  a  geological  survey  of  the  lands  belonging  to 
the  New  York  St  Texas  Land  Co.:  Augustana  Library  Pub.  6,  pp. 
8S-90,  1907. 


J 


104 


SHORTER  CONTRIBUTIONS   TO   GENERAL  GEOLOGY,   1922. 


below  Pulliam,  there  are  anticlines  and  syn- 
clines  and  faults  of  small  throw.  The  east- 
ward dip  is  somewhat  accentuated  at  the 
Webb-Zapata  shallow  oil  field,  in  the  southeast 
comer  of  Zapata  County.  There  are  relatively 
steep  reversed  dips  in  the  vicinity  of  Roma. 
Probably  an  anticline  here  crosses  the  inter- 
national  boundary.  A  large  anticline  has 
been  mapped  by  Crider*^  east  of  Laredo. 
Normal  faults  of  small  displacement  were 
observed  on  Ghaparrosa  Creek  11  miles  west  of 
La  Pryor,  and  half  a  mile  east  of  the  Jones 
ranch,  northwest  of  Crystal  City. 

The  search  for  structural  features  in  the 
Rio  Grande  region  is  full  of  difficulties  and 
subject  to  inaccuracies,  for  formations  vary  in 
character  from  place  to  place,  the  beds  occur 
in  lenses  and  pockets,  the  formational  contacts 
are  ill  defined,  exposures  are  scarce,  wells  are 
few,  and  the  logs  of  most  of  those  which  have 
been  drilled  are  inadequate,  and  false  bedding 
planes,  which  dip  at  all  angles  with  reference 
to  the  true  bedding,  are  abundant. 

There  is  at  least  one  salt  dome  in  the  region. 
It  is  about  5  miles  southeast  of  Falfurrias  and 
crosses  the  Beaumont-Reynosa  contact.  It  is 
5  miles  long  from  east  to  west  and  1  to  1^  miles 
wide  from  north  to  south.  Quaquaversal  dips 
are  not  plainly  seen,  but  a  surroimding  laguna 
of  salt  brine,  a  large  body  of  gypsum  on  the 
southwest  side,  and  a  topographic  swell  that  is 
more  than  40  feet  high  indicate  that  there  is  a 
salt  dome  at  this  place.  La  Lomita  (little  hill), 
6i  miles  south  of  Mission,  on  the  Rio  Grande, 
which  stands  conspicuously  above  its  alluvial 
surroundings  and  exposes  abnormal  materials 
and  abnormal  dips  may  also  be  a  salt  dome,  but 
the  dips  may  not  represent  true  bedding  planes. 

ECONOMIC   GEOLOGY. 

OIL  AND  GAS. 

More  than  45  separate  projects  are  under 
way  for  the  development  of  oil  and  gas  in  the 
region,  but  only  three  are  producing.  The 
locations  of  these  projects  are  shown  on  the 
map  (PI.  XXVIII). 

In  1920  the  Webb-Zapata  Co.  had  drilled  45 
wells  in  the  southeast  comer  of  Zapata  County* 
to  an  average  depth  of  160  feet  and  foimd  some 
oil  and  a  very  little  gas  in  the  Fayette  sand- 
stone. The  dip  here  is  normal  in  direction,  a 
few  degrees  south  of  east,  and  is  198  feet  per 

i^Crider,  A.  F.,  x)ersonal  communication. 


mile,  somewhat  more  than  the  general  dip  in 
the  neighborhood.  As  there  are  no  reversed 
dips,  the  oil  probably  occurs  in  a  lens  of  sand, 
which  plays  out  and  is  sealed  up  westward,  for 
the  cap  rock  crops  out  If  miles  west  of  the  west 
border  of  the  producing  area.  Eight  of  the  wells 
were  pumping  in  1920,  a  gasoline  engine  on 
each.  The  average  yield  is  between  3  and  4 
barrels  a  day.  As  the  field  is  more  than  40 
miles  from  the  railroad  at  Hebbronville,  and 
as  the  road  is  very  sandy,  all  attempts  to  mar- 
ket the  oil  had  failed  up  to  the  time  of  the 
writer's  last  visit.  The  oil  was  stored  in 
steel  tanks  at  the  field.  According  to  recent 
reports  it  is  being  marketed. 

Another  producing  field  is  25  miles  south  of 
Aguilares  and  45  miles  southeast  of  Laredo,  in 
Zapata  County.  Gas  only  is  produced.  The 
field  is  developed  and  operated  by  the  Border 
Gas  Co.,  of  Laredo.  The  gas  is  conducted 
through  pipes  to  Laredo,  where  the  company 
operates  the  city  gas  plant.  The  outcropping 
formation  at  the  wells  is  Fayette.  A  little 
gas  is  obtained  from  a  depth  of  700  feet,  but 
the  main  flow  is  obtained  from  a  depth  of  1,200 
to  1,250  feet.  The  material  penetrated  in  all 
the  wells  is  almost  entirely  clay  but  includes 
thin  seams  of  sandstone.  The  main  gas  sand 
lies  in  the  basal  part  of  the  Yegua  or  the  upper 
part  of  the  Cook  Mountain.  The  structure 
here  also  is  homoclinal,  the  gas  sand  dipping 
eastward  at  the  rate  of  30  feet  to  the  mile. 

In  the  spring  of  1921  oil  was  struck  in  a  well 
of  the  Mirando  Oil  Co.,  in  the  extreme  north- 
east comer  of  Zapata  County.  The  well  site 
is  just  west  of  the  Reynosa-Frio  contact,  and 
practically  the  full  thickness  of  the  Frio  clay 
is  represented  under  it.  The  oil  sand  was  struck 
at  1,430  feet  from  the  surface,  in  the  Cook 
Moimtain  formation.  The  first  well  is  variously 
reported  as  having  given  an  initial  production 
of  20  to  100  barrels  a  day.  The  new  field  has 
been  rapidly  developed.  In  the  spring  of  1922 
it  was  credited  with  13  producing  wells,  and 
the  estimated  possible  production  ranged  from 
1 ,000  to  2,300  barrels  a  day  .*^  In  addition,  more 
than  a  score  of  other  wells  were  being  drilled  in 
other  parts  of  Zapata  and  Webb  counties. 

This  field  has  produced  also  considerable  gas. 
The  Caroline-Texas  Co.'s  test  well  near  Bruni 
is  reported  as  blowing  8,000,000  to  10,000,000 

«>  McGreal,  P.  L.,  Gulf  coast  oil  operatioos:  Oil  ftnd  Gas  Joar.,  vol.  20^ 
No.  43,  p.  18,  March  24, 1922. 
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cubic  feet  and  the  Laurel  Oil  Co/s  well  No.  1, 
at  Mirando,  as  blowing  40,000,000  cubic  feet. 
According  to  Lupton  **  the  Aviator  well,  which 
is  about  halfway  between  Mirando  and  the 
Mirando  City  pools,  was  brought  in  with  an 
estimated  production  of  40,000,000  cubic  feet 
in  June,  1922.  Well  No.  2  of  the  Schott  Oil 
Co.  is  also  a  gasser. 

As  the  first  well  was  not  completed  when  the 
writer  was  last  in  the  field  the  structure  in  the 
Mirando  district  has  not  been  worked  out. 
Wrather,**  however,  states  that  the  producing 
sands  in  the  Mirando  and  the  Jennings  fields 
axe  at  approximately  the  same  horizon. 

The  future  of  the  Mirando  field  can  not  yet 
be  confidently  predicted,  but  the  field  will  prob- 
ably be  thoroughly  tested  by  the  end  of  1922. 

Gas  has  been  found  at  several  other  places, 
notably  at  Reiser,  2^  miles  west  of  Aguilares, 
in  Webb  County;  in  the  Spurrier  wells  Nos.  1 
and  3,  in  western  Starr  County;  in  the  Higgins 
Oil  &  Gas  Co.'s  wells,  15  miles  southeast  of 
Eagle  Pass,  in  Maverick  County;  and  in  the 
well  of  the  International  Refining  Co.,  7  miles 
northeast  of  La  Pryor,  in  Zavalla  County.  At 
Reiser,  which  is  only  a  few  miles  northwest  of 
the  northern  border  of  the  Mirando  field,  the 
gas  is  obtained  from  the  Yegua  and  Cook 
Mountain  formations  at  depths  ranging  from 
150  to  1,650  feet.  The  Spurrier  wells  also  con- 
tain gas,  though  in  small  quantities,  from  the 
Yegua.  The  gas  in  the  Higgins  wells  is  ob- 
tained from  Cretaceous  beds.  The  well  of  the 
International  Refining  Co.  is  reported  to  have 
struck  a  50,000,000  cubic  foot  gas  blow  at  a 
depth  of  1,200  feet  from  the  surface.  The 
outcropping  formation  is  the  Indio,  and  pre- 
sumably this  gas  also  comes  from  Cretaceous 
beds.  The  first  well  at  Pulliam,  on  the  Uvalde- 
Zavalla  county  line,  is  reported  to  have  pro- 
duced about  5  barrels  of  oil  a  day. 

So  far  as  known  the  results  of  all  other  tests 
have  been  negative.  However,  outside  of  the 
Mirando  field  few  of  the  deep  test  wells  have 
been  completed,  and  oil  may  have  been  struck 
in  wells  imknown  to  the  writer.  Several  of 
the  projects,  notably  those  of  the  Higgins,  In- 
ternational, and  Empire  companies  and  the 
Hanchett  project,  have  been  carried  on  in  a 
serious  and  intelligent  manner,  but  the  operators 

^  Luptoo,  C.  T.,  oral  commanication  to  L.  W.  Stephenson. 
«  Wrather,  W.  E.,  The  Mirando  Oil  Co.  well,  Zapata  County,  Tex.: 
Am.  Assoc.  Petroleum  Geologists  Bull.,  vol.  5,  p.  625, 1921. 


drilling  many  of  the  wells  have  shown  neither 
intelligence  nor  diligence. 

The  search  for  oil  and  gas  in  paying  quan- 
tities will  be  continued  only  with  great  diffi- 
culty and  with  large  risk  of  money.  The  work 
of  locating  and  mapping  areas  in  which  ,the 
structure  is  favorable  is  difficult,  and  even  a 
well-developed  and  accurately  mapped  anti- 
cline may  contain  no  oil-bearing  sand.  The 
possibility  that  the  San  Miguel  formation  (cor- 
related with  part  of  the  Taylor  marl  and  the 
Anacacho  limestone)  of  the  Upper  Cretaceous, 
may  be  petroliferous  is  not  unpromising.  The 
Cook  Mountain  formation  gives  some  indica- 
tion of  being  a  fairly  persistent  producing  sand 
where  the  structure  is  favorable.  Both  oil  and 
gas  have  been  found  in  this  formation  in  the 
Mirando  field  and  in  smaller  quantities  else- 
where. It  appears  to  contain  indigenous  pe- 
troleum at  Oil  City,  Nacogdoches  Coimty,  and 
at  Crowther,  McMullen  County.  This  forma- 
tion should  be  tested  wherever  drilling  is  done. 
The  expenses  of  development  will  be  high,  for  a 
\sige  part  of  the  region  is  not  easily  accessible 
to  railroads  or  seaports,  and  even  after  develop- 
ment there  is  still  the  problem  of  getting  the 
product  to  market. 

Probably  the  most  promising  structural 
features  to  look  for  and  to  test  are  salt  domes. 
About  50  per  cent  of  the  known  Texas  salt 
domes  have  produced  oil  and  some  of  them 
have  produced  it  in  large  quantities.  The  salt 
dome  southeast  of  Falfurrias  was  tested  some 
years  ago  by  the  Texas  Co.,  but  with  negative 
results.  The  hill  south  of  Mission,  known  as 
La  Lomita,  which  may  be  a  salt  dom6,  is  now 
being  tested  by  the  La  Lomita  Oil  Syndicate. 
Other  salt  domes  will  doubtless  be  discovered 
in  the  region,  and  petroleiun  may  be  found  in 
them. 

On  the  whole  the  prospects  of  the  ultimate 
discovery  of  one  or  more  highly  productive  oil 
or  gas  fields  in  this  region  are  not  discouraging, 
but  the  preliminary  work  should  be  done  with 
great  care  and  the  money  required  will  be 
expended  at  considerable  risk. 

COAL. 

According  to  Ashley,^'  the  coal  which  has 
been  extensively  mined  at  Alinero,  Dolores, 
Cannel,  and  Santo  Tomas,  in  Webb  County, 

«  Ashley,  (}.  H.,  The  Santo  Tomas  cannel  coal:  U.  S.  Geol.  Survey 
Bull.  691,  pp.  2.51-270,  1919. 
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and  which  is  in  the  Mount  Sebnan  formation, 
is  probably  the  laziest  body  of  cannel  coal  of 
bituminous  rank  in  the  United  States,  if  not  in 
the  world.  Johnson  &  Coleman  are  taking 
out  enough  of  this  coal  at  their  mine,  4  miles 
east  of  Palafox,  to  run  their  pumping  plants  on 
the  river.  Coal  from  the  same  formation,  and 
probably  of  about  the  same  quality,  is  found  on 
Espada  Creek,  in  Webb  Coimty,  near  the  base 
of  the  Mount  Selman  formation.  A  14-inch 
bed  of  coal  is  also  reported  to  outcrop  near  the 
top  of  the  Moimt  Selman  formation  on  the  Rio 
Grande  at  low  water  at  and  near  the  mouth  of 
Arroyo  Santa  Isabella. 

Beds  of  coal,  probably  of  poorer  quality,  may 
be  obtained  from  the  Indio  and  Bigford  forma- 
tions at  many  places  where  these  formations 
outcrop.  Lignite  is  found  at  the  surface  and  at 
shallow  depths  at  places  east  and  southeast  of 
Dentonio  and  at  the  Mangrum  and  Rutledge 
ranches,  west  and  south  of  La  Pryor.  It  is 
also  penetrated  in  wells  at  La  Pryor.  An  18  to 
20  inch  bed  of  hard,  brittle,  and  bright  coal 
outcrops  1^  miles  above  the  mouth  of  San 
Lorenzo  Creek,  in  Webb  County,  in  the  Big- 
ford  formation.  There  is  also  an  exposure  of 
coal  at  the  mouth  of  the  first  creek  south  of  the 
Apache  ranch  house. 

At  Pilotes  ranch,  about  10  miles  north  of 
Palafox,  as  many  as  11  seams  of  coal  and  bone 
were  struck  in  a  test  drilling  at  depths  ranging 
from  74  to  236  feet.  The  surface  formation 
here  is  the  Mount  Selman,  but  the  carbonace- 
ous beds  are  in  the  Bigford  formation.  Coal  in 
this  same  *  formation  outcrops  on  Concillos 
Creek  near  its  mouth  and  on  Nueces  River  2i 
miles  east  of  the  Asherton-Big  Wells  road,  a 
few  miles  outside  the  Rio  Grande  region. 

Coal  is  reported  by  Judge  A.  F.  Spohn,  of 
Zapata,  to  occur  just  north  of  Zapata  and  in 
the  valley  of  Dolores  Creek  near  the  Webb- 
Zapata  county  line.  This  locality  is  in  the 
outcrop  of  the  Cook  Moimtain  formation.  No 
coal  was  seen,  however,  in  the  many  sections  of 
the  Cook  Mountain  formation  examined. 

WATEB  BESOinElCES. 

Deusscn  and  Dole  *^  have  investigated  the 
underground  water  resources  of  La  Salle  and 
McMullen  counties,  and  Deussen*^  has  reported 

M  Deussen,  Alexander,  and  Polo,  R.  B.,  Ground  waterin  La  Salle  and 
McMullen  counties,  Tex.:  U.S.  Geol.  Survey  Water-Supply  Paper  375, 
pp.  141-177, 1916. 


on  the  undergroimd  waters  of  the  whole  of  the 
southern  part  of  the  Texas  Coastal  Plain.  The 
counties  mentioned  are  close  to  the  lower  Sio 
Grande  region  and  the  conditions  that  prevail 
in  them  extend  into  this  region. 

BBICK-MAKINa  MATBBIAL. 

Few  of  the  clays  of  the  lower  Rio  Grande 
region  are  suitable  for  making  good  brick. 
There  is  an  abandoned  brick  plant  at  Reiser. 
The  pit  is  in  uppermost  Yegua  or  lowest 
Fayette,  and  the  clay  is  fairly  pure.  Facing" 
brick  of  good  grade  was  made  here.  The  plant 
was  abandoned  when  the  Border  Gas  Co. 
shut  down  its  gas  wells  at  Reiser,  thus  shut- 
ting off  the  gas  used  as  fuel.  At  no  other 
place  in  the  region  has  facing  brick  been  manu- 
factured. 

Along  the  lower  Rio  Grande  and  its  main 
delta  distributaries  there  are  numerous  pits 
from  which  material  is  taken  by  Mexicans  for 
making  crude  adobe  brick.  The  largest  and 
most  efficient  plant  of  this  kind  is  at  Los 
Ebanos,  about  2  miles  southwest  of  Sam 
Fordyce.  Beaxmiont  terrace  silts,  or  recent 
fluvial  silts,  are  mixed  with  waterin  the  pit  and 
worked  into  plastic  masses  having  the  con- 
sistency of  dough.  This  material  is  thrown 
into  trays  containing  six  brick-sized  compart- 
ments,  which  are  sprinkled  with  dry  sand  to 
prevent  it  from  sticking.  The  clay-filled  tray 
is  then  carried  by  hand  to  a  sunny  flat  near  the 
pit  and  inverted,  the  wet  bricks  being  left  for  a 
time  to  dry.  When  they  have  dried  out  suffi- 
ciently they  are  stacked  or  ''ricked"  in  open 
piles  for  further  drying  by  sun  and  wind. 
Finally  they  are  placed  in  rough  kilns  made  of 
adobe  bricks  and  baked,  branches  of  mes- 
quite  being  used  as  fuel.  The  brick  is  poor, 
but  it  stands  fairly  well  the  pressure  of  the 
conmion  Mexican  one-story  house. 

OBAVEL. 

The  gravel  supplies  of  the  region  are  plenti- 
ful, widely  distributed,  and  of  good  quality. 
The  Reynosa  formation  furnishes  gravel  of 
high  grade  for  road  ballast  and  concrete  work 
practically  wherever  it  is  exposed,  whether  in 
the  main  outcrop  of  the  formation  or  west  of 
the  Bordas  scarp,  where  only  patches  of  Rey- 

47  Deussen,  Alexander,  Geology  and  underground  waters  of  the  soatb- 
eastern  part  of  the  Texas  Coastal  Plain:  U.  S.  Oeol.  Sorvey  Water- 
Supply  Paper  335,  1914;  Geology  of  the  Coastal  Plain  region  of  Texas: 
U.  S.  Geol.  Survey  Prof.  Paper  128  (in  press). 
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nosa  are  found.  As  only  1  per  cent  of  the 
gravel  is  over  4  inches  in  diameter,  as  three- 
fourths  of  the  pebbles  and  cobbles  are  composed 
of  chert  or  other  siliceous  material,  as  the 
pieces  are  well  rounded  and  smooth,  and  as 
the  material  is  practically  nowhere  so  firmly 
cemented  as  to  require  blasting  in  its  excava- 
tion, this  deposit  makes  excellent  commercial 
gravel.  There  are  half  a  dozen  or  more 
pits  along  the  river  between  Sam  Fordyce  and 
PefLitas.  In  some  the  loosely  cemented  and 
unconsolidated  gravel  is  taken  out  with  steam 
shovels,  and  in  others  it  is  removed  by  hand. 
At  some  plants  it  is  sorted  by  power-driven 
screens,  and  at  others  by  hand  screening. 
Most  of  the  gravel  is  used  in  the  valley,  but 
some  is  shipped  as  far  as  Houston.  At 
Green's,  in  Webb  Coimty,  on  the  International 
&  Great  Northern  Railway,  where  there  is  an 
outlier  of  Reynosa,  a  large  pit  has  long  been 
under  excavation.  Most  of  the  gravel  is  loaded 
by  steam  shovels  into  cars  and  used  as  ballast 
on  the  railroad.  Some  of  it  has  been  used  to 
surface  a  section  of  the  San  Antonio-Laredo 
wagon  and  automobile  road  between  Green's 
and  Webb. 

SAKD. 

Good  sand  is  not  so  abundantly  produced  as 
gravel,  although  there  is  plenty  of  it.  The 
sand  lenses  in  the  Reynosa  would  furnish 
some,  but  they  do  so  only  where  the  sand  is 
mixed  with  the  finest  grades  of  gravel.  The 
sand  sorted  out  of  the  Reynosa  by  the  wind 
and  piled  into  dunes  in  the  main  sand  belt 
and  elsewhere  is  generally  pure,  fine-grained 
quartz  sand,  but  it  is  not  used  commercially. 
An  abundance  of  sand  is  derived  from  the 
coastal  beaches  and  lagoons  in  the  sand  belt 


also,  but  neither  is  this  produced.  The  only 
sand  used  commercially  to-day  is  in  the  Beau- 
mont delta-like  deposits  at  Mission  and  Mc^Vl- 
len,  where  25-foot  lenses  of  almost  pure-white 
sand,  underlie  clay  and  silt.  The  sand  ob- 
tained at  Mission  sells  for  $2.25  a  cubic  yard 
at  the  pit. 

OTPSTTM. 

The  sediments  of  the  region  inclose  a  large 
amount  of  gypsum  in  thin  beds,  seams,  plates, 
crystal  aggregates,  and  larger  bodies,  but  it  is 
nowhere  utilized. 

BOAD  MATEBIAL. 

The  quartzites,  sandstones,  limestones,  con- 
cretions, and  conglomerates  of  the  region 
would  make  good  material  for  building  roads, 
but  as  few  roads  have  been  built  they  have  not 
yet  been  so  utilized.  Argillaceous  and  cal- 
careous materials  from  the  Reynosa  formation 
have  been  used  to  harden  an  excellent  road 
through  the  sand  belt  from  Falfurrias  to  Edin- 
burg,  permitting  automobile  traffic  into  the 
valley  from  coastal  points  farther  north. 

Shallow  pits  are  opened  along  the  road  every 
mile  or  two  and  the  material  is  laid  on  a  graded 
surface  of  sand.  This  road  lacked  about  10 
miles  of  being  completed  in  1920.  The  same 
material  is  being  used  in  the  same  way  on  the 
sandy  road  to  Rio  Grande  City  from  Hebbron- 
ville. 

CEMENT. 

It  is  possible  that  a  proper  combination  of 
limestone,  clay  or  shale,  and  gypsiun  might  be 
foimd  for  the  manufacture  of  Portland  cement, 
coal,  oil,  or  gas  being  used  for  fuel,  but  no 
commercial  concern  has  yet  found  this  com- 
bination. 
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SOUTHWESTERN  TEXAS. 


By  Julia  Gardner. 


The  new  species  and  subspecies  whose  names 
axe  used  in  the  preceding  paper  by  A.  C. 
Trowbridge  are  described  below.  One  species 
that  had  ahready  been  described  and  that  is 
here  treated  as  a  subspecies  of  Ostrea  ala- 
hdmiensis  is  considered  in  detail  because  of  its 
abundance  in  the  middle  and  upper  Eocene 
deposits  in  the  lower  Rio  Grande  region. 

The  letters  after  some  of  the  station  numbers 
have  the  following  significance:  (a)  abundant, 
(c)  common,  (p)  present,  (r)  rare. 

PELECYPODA. 
Family  NTJCTTLIDAE. 
denus  NITCTTLA  Lamarck. 
Nucnla  sp. 

Plate  XXIX,  figure  3. 

The  rock  in  the  area  a  little  south  of  Laredo, 
in  Webb  Coimty,  is  made  up  largely  of  a  Nucvla, 
which  is  probably  distinct  from  any  species 
described,  though  it  is  very  close  to  N,  magnifica 
Conrad.  It  is  about  3  centimeters  high  and 
broad  and  is  sculptured  with  prominent  growth 
lines  and  a  unifonnly  developed,  subcutaneous 
radial  threading.  No  hinges  or  perfect  exte- 
riors have  been  found,  but  the  pearly  frag- 
ments of  the  thick  shell  pack  the  matrix. 

Occurrence :  Cook  Mountain  formation.  Sta- 
tion 7492  (p),  1  mile  east  of  Laredo;  station 
8818  (a),  5  miles  southeast  of  Laredo,  Webb 
County. 

Family  OSTSEIDAE. 

Genus  OSTBEA  (Linnaeus)  Lamarck. 

Ostrea  tasex  Gardner,  n.  sp. 

Plate  XXXI. 

fOstrea  multilirata  Conrad,  U.  S.  and  Mex.  Boundary  Sur- 
vey Rept.,  vol.  1,  pt.  2,  p.  157,  pi.  12,  figs.  1  a-d, 
1857. 

Shell  of  only  moderate  dimensions  for  the 
genus,  subequivalve,  ovate-trigonal  in  outline, 
generally  somewhat  produced  anteriorly;  sur- 
face layer  decorticated ;  both  the  right  and  left 
valves  radiat^ly  sculptured  with  15  to  20  fine, 
approximately  uniform,  rippling  riblets,  similar 
to  those  developed  upon  the  attached  valve  of 
0.  crenulimarginata  Gabb;  ligament  area  mod- 
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erately  large,  somewhat  flattened  in  the  right 
valve,  the  medial  depression  relatively  wide, 
broadly  but  not  deeply  excavated;  growth 
striae  obvious;  lateral  margins  very  finely 
crenate,  the  crenae  persistent  in  some  individ- 
uals around  the  entire  inner  margin;  basal  mar- 
gin often  fluted  in  harmony  with  the  external 
sculpture ;  adductor  muscle  scar  crescentic,  lying 
below  the  median  horizontal,  moderately  large, 
not  very  deeply  excavated;  pedal  scar  obsciure. 

Dimensions:  Right  valve,  altitude  80  milli- 
meters, latitude  65  millimeters;  left  valve, 
altitude  98  millimeters,  latitude  72  millimeters. 

Type  locality:  Station  8925,  a  quarter  of  a 
mile  northeast  of  Glass  ranch  headquarters, 
Dimmit  County,  Tex. 

Ostrea  tasex  is  the  analogue  in  southwestern 
Texas  of  Ostrea  crenvlimargiruita  of  the  Midway 
of  Alabama.  In  the  Alabama  species,  how- 
ever, the  right  valve  is  smooth,  but  in  those 
found  along  the  Rio  Grande  the  two  valves  are 
similarly  sculptured.  Toward  the  umbones  the 
radials  are  sharply  elevated,  though  they  tone 
down  into  an  even  fluting  toward  the  outer 
margin. 

Ostrea  tasex  is  probably  identical  with  Ostrea 
multUirata  Conrad,  collected  from  the  so-called 
Cretaceous  of  ''Dry  Creek,  Mexico.*'  Conrad's 
types  are  in  the  National  Museum  and  are 
fairly  well  preserved.  Nothing  of  the  kind  has 
been  reported  from  the  Cretaceous  by  later  in- 
vestigators who  have  collected  extensively  in 
the  Rio  Grande  area.  However,  Ostrea  cortex^ 
collected  at  the  same  locality,  is  certainly  a 
Cretaceous  species,  and  until  ''Dry  Creek"  can 
be  definitely  located  and  the  confusion  in  the 
stratigraphic  relations  cleared  the  Wilcox  form 
may  well  be  kept  apart. 

Stations  in  Indio  formation. 

8927  (cj.  4  miles  south  of  Rockdale,  Milam  County. 

6278  (a).  11  miles  south  of  Sabinal,  Uvalde  County. 

3187  (r?).  East  side  of  the  Rio  Grande,  in  Maverick 
County,  about  3i  miles  above  the  mouth  of  San  Ambrosia 
Creek. 

9173(c).  17  miles  west  of  Cairizo  Springs, ,  Dimmit 
County. 
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8925  (c).  A  quarter  of  a  mile  northeaBt  of  Glaas  ranch 
headquarters,  Dimmit  County. 

1/67  (c).  3  miles  north  by  west  of  San  Pedro  ranch,  on 
the  Maverick-Dimmit  County  line. 

Ostrea  alabamlensis  subsp.  georgiana  Conrad. 
Plate  XXIX,  figures  6,  7;  Plate  XXX. 

Oatrea  georgiana  Conrad,  Acad.  Nat.  Sd.  Philadelphia 

Jour.,  Istser.,  vol.  7,  p.  156,  1834. 
Dana,  Manual  of  geology,  Isted.,  p.  519,  fig.  811, 1863. 
Dall,  Wagner  Free  Inst.  Sci.  Trans.,  vol.  3,  pt.  4, 

p.  683,  1895. 
Ostrea  titan  Conrad,  Acad.  Nat.  Sd.  Philadelphia  Proc., 

let  ser.,  vol.  6,  p.  199,  1854;  Pacific  R.  R.  Rept, 

vol.  6,  pt.  2,  p.  72,  pi.  4,  fig.  17a;  pi.  5,  fig.  17a,  1857. 
Ostrea  contracta  Conrad,  U.  S.  and  Mex.  Boundary  Survey 

Rept.,  vol.  1,  pt.  2,  p.  160,  pi.  18,  fig.  1  a-d,  1857. 
Ostrea  alabamiensis  Conrad  var.  contracta  Harris,  Bull.  Am. 

Paleontology,  vol.  6,  p.  9,  pis.  3,  4,  pi.  5,  fig.  2, 1919. 

Type  localities:  ''Orangeburgh,  S.  C;  Shell 
Bluff  and  near  Milledgeville,  Ga.'^ — Conrad, 
1834. 

Ostrea  alabamiensis  subsp.  georgiana  is  the 
most  conspicuous  species  in  the  later  Eocene 
of  Texas,  and  in  many  localities  it  is  the  only 
fossil  collected.  Its  range  of  variation,  like 
that  of  other  oysters,  is  wide.  Only  a  very 
small  percentage  of  individuals  retain  the  fine 
epidermal  sculpture,  the  one  constant  feature, 
and  one  identical  with  that  of  0.  alabamiensis. 
However,  in  the  large  mass  of  material  avail- 
able for  study — several  hundred  individuals — 
certain  differences  in  the  average  individual 
developed  at  the  different  horizons  can  be  de- 
tected. None  of  the  huge,  very  much  elon- 
gated and  massive  shells  so  common  in  the 
Fayette  near  Roma  in  Starr  County  have  been 
found  in  the  Cook  Mountain  formation  farther 
north.  The  forms  occurring  at  this  lower 
horizon  are  of  only  moderate  dimensions, 
usually  relatively  thin  and  broadening  at  the 
base,  and,  as  a  rule,  conspicuously  laminar. 
This  decided  laminosity  is  one  of  the  more  per- 
sistent features  of  the  Cook  Moimtain  0.  gear- 
giana.  The  Cook  Mountain  form  grades  into  0, 
alahamiensis  though  the  hinge  is  usually  heavier 
ajid  more  elongated.  The  very  large,  massive, 
narrow,  and  elongate  individuals  described  by 
Conrad  under  0.  contracta  occur  in  considerable 
numbers  in  the  Yegua,  and  in  the  Fayette  this 
type  has  shut  out  almost  entirely  the  smaller 
and  thinner  race  of  the  Cook  Mountain. 

Statio7i8  in  Cook  Mountain  formation. 

6650  (<•),  6657  (c),  6652  (c).  Environs  of  Cotulla,  La  Salle 
County. 


8816  (p).  100  feet  south  of  windmill,  Marguerita  ranch, 
6.4  miles  west  of  Webb  Station,  Webb  County. 
8785  (p).  2.1  miles  east  of  Webb,  Webb  County. 

8841  (p).  Half  a  mile  west  of  triangulation  station 
Dolores,  2  miles  north  of  Dolores,  Webb  County. 

8842  (p).  Three-fourths  mile  west  of  triangulation  sta- 
tion Dolores,  Webb  County. 

8830  (p).  10  miles  northwest  of  Laredo,  Webb  County. 

2113  (c).  5  miles  northeast  of  Laredo,  Webb  County. 

8765  (r).  2.3  miles  northeast  of  Laredo,  at  crossing  of 
San  Antonio  road  with  International  &  Great  Northern 
Railway,  Webb  County. 

7492  (p).  1  mile  east  of  Laredo,  Webb  County. 

6058  (c)  (old  series).  Laredo,  Webb  County. 

8835  (a).  6  miles  southeast  of  Laredo,  Webb  County. 

6436  (r).  La  Perla  ranch,  below  Laredo,  Webb  County. 

8840  (c).  North  bank  of  Salado  Creek,  Zapata  County. 

9116  (c).  Soledad,  Zapata  County. 

9112  (c).  2  miles  down  the  river  from  Zapata,  Zapata 
County. 

9109  (p).  Rio  Grande  prospect,  4.8  miles  southeast  of 
Zapata,  on  Roma  road,  2.5  miles  northeast  of  main  road, 
Zapata  Coimty 

9110  (p).  4.8  miles  southeast  of  Zapata,  Zapata  County. 

9113  (c).  5^  miles  southeast  of  Zapata,  Zapata  County. 
9175  (p).  14.2  miles  below  Zapata,  Zapata  County. 
6432  (r).  Arroyo  Dolores,  Zapata  County. 

9106  (r).  Zapata  County. 

Stations  in  Yegua  formation. 

8784  (a).  3.4  miles  east  of  Cactus  Station,  Webb  County. 

8809  (c).  12  miles  northeast  of  Laredo,  Webb  County. 

8849  (p).  7  miles  northeast  of  Laredo,  Webb  County. 

8061  (c).  7  miles  east  of  Laredo,  Webb  County. 

8834  (a).  8  miles  east  of  Laredo,  Webb  County. 

9119  (p).  2)  miles  southwest  of  Alejandrefias  ranch, 
Zapata  Coimty. 

7741  (r).  1  mile  northwest  of  Pedemal  ranch  headquar- 
ters, Zapata  County. 

9182  (a).  3.2  miles  northeast  of  Lopefio.  Zapata  County. 

8843  (a).  23}  miles  northwest  of  Rio  Grande  City,  Zapata 
County. 

9187  (p).  2}  miles  south  of  Romirefio,  Zapata  County. 

9188  (p).  3  miles  south  of  Romirefio,  Zapata  County. 

Stations  in  Fayette  saruistone. 

6147  (a).  C.  T.  Tom  ranch,  }  mile  south  of  CampbeUion, 
Atascosa  County. 

6144  (a)  6  miles  east  of  Campbell  ton,  Atascosa  County. 

6146  (p).  3  miles  southeast  of  Campbell  ton,  Atascosv 
County. 

3601  (r).  Winchester,  Fayette  County. 

9094  (p).  Reiser,  Webb  County. 

9098  (c).  1.3  miles  southwest  of  Webb-Zapata  shallow 
oil  field,  Zapata  County. 

7740  (a).  Charco  Redondo  ranch,  Zapata  County. 

8060  (p).  Charco  Redondo  ranch,  Zapata  County. 

9179  (p).  3.6  miles  northeast  of  Palo  Blanco  ranch,  Za- 
pata County. 

9181  (a).  3  miles  northeast  of  La  Pr^sa  ranch  house, 
iSapata  County. 

9096  (c).  3.6  miles  south  of  Huisatche  ranch,  Jim  Hogg 
County. 

9192  (p).  19  miles  north  of  Roma,  Starr  County. 
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9191  (c).  15  miles  north  of  Roma,  Starr  County. 
9189  (r).  7  miles  above  Roma,  Starr  County. 
9193  (c).  1.7  miles  northeast  of  Agua  Dulce  ranch,  north 
of  Roma,  Starr  Coimty. 
7493  (p).  12}  miles  below  Arroyo  Tigre  on  road  to  Roma, 

Starr  County. 

Stations  in  Frio  clay, 

6666  (r).  9  miles  north  of  Tilden,  McMullen  County. 
6665  (a).  One-fourth  mile  east  of  post  No.  7,  west  of 
TUden,  McMullen  County. 
3093  (p).  Fort  Ringgold,  Starr  County. 

Family  PABALLELODONTmAE. 
Gknus  CT7CT7UiAEA  Lamaiok. 

CucuUcLea  is  one  of  the  more  conspicuous 
fossils  in  the  Midway  of  Texas.  Apparently 
there  is  but  a  single  species,  though  the  small 
and  poorly  preserved  northern  fonns  may 
prove  to  be  distinct  from  those  of  the  Rio 
Grande  province.  This  species  is  certainly  not 
identical  with  C  macrodonta,  found  farther 
east,  though  the  diflferences  may  not  be  of  spe- 
cific rank.  Its  relation  to  C,  saffordi  Gabb, 
described  from  a  lost  type  two-tenths  of  an 
inch  in  latitude,  is  even  less  definite. 

Cucullaea    (macrodonta   subsp.?)    tezana    Gardner,    n. 

snbsp. 

Plate  XXIX,  figures  4, 5. 

Cucullaea  macrodonta  Harris  (part).  Bull.  Am.  Paleontol- 
ogy, vol.  1,  No.  4,  p.  165,  1896. 

Cucullaea  saffordi  Hams  (part),  Bull.  Am.  Paleontology, 
vol.  1,  No.  4,  p.  165,  1896. 

Shell  large,  heavy,  inflated,  the  single  valves 
rudely  quadrate  in  outline,  the  double  valves 
cordate  in  cross  section  through  the  umbones; 
umbones  prominent,  inflated,  overhanging  the 
cardinal  area,  the  tips  incurved  and  prosogy- 
rate,  slightly  in  advance  of  the  median  vertical; 
length  of  hinge  approximately  five-sixths  that 
of  the  shell;  anterior  extremity  angulated  dor- 
sally,  rounding  broadly  into  the  ventral  mar- 
gin; base  line  approximately  horizontal  medi- 
ally; posterior  extremity  obliquely  truncate; 
posterior  area  flattened,  delimited  by  a  narrow 
but  obtuse  ridge  with  a  shallow  sulcus  behind 
it;  valves  differentially  sculptured,  the  right 
valve  exhibiting  about  30  low,  broad  radials 
separated  by  linear  interspaces  and  persisting 
to  the  posterior  keel,  where  they  abruptly  dis- 
appear; a  very  fine,  close,  and  uniform  radial 
cording  developed  upon  the  posterior  area  in 
some  individuals,  but  commonly  absent,  as  in 
the  type,  or  evanescent  toward  the  margin. 
Left  valve  exhibiting  only  about  24  radials 
distributed  over  the  medial  and  anterior  por- 


tions of  the  shell  but  absent  upon  the  posterior 
third,  narrower  than  those  upon  the  right  valve 
and  separated  by  interspaces  of  a  width  almost 
equal  to  the  radials;  sculpture  of  posterior  area 
similar  in  the  two  valves;  incremental  sculp- 
ture pronounced,  particularly  toward  the  base; 
hinge  area  of  moderate  width  for  the  genus, 
obHquely  grooved;  hinge  very  imperfectly  pre- 
served; very  narrow  medially  with  short  ver- 
tical teeth,  abruptly  widening  near  the  extrem- 
ities; distal  teeth  coarse,  few  in  number,  and 
rudely  parallel  to  the  hinge  margin;  characters 
of  interior  not  known. 

Dimensions:  Altitude,42.0millimeters;  length 
of  hinge,  39.0  millimeters;  maximum  latitude, 
47.5  millimeters;  diameter,  40.0  ±  millimeters. 

Type  locality:  White  Bluff,  Rio  Grande,  Mav- 
erick County,  Tex.  Type,  U.  S.  National 
Museimi. 

The  specimens  from  Kaufman  County,  in  the 
northern  part  of  the  State,  are  smaller  than 
those  from  points  along  the  Rio  Grande.  They 
differ,  too,  in  the  more  uniform  development 
of  a  radial  sculpture  upon  the  posterior  area. 

CucvMaea  {macrodorUa  subsp.  ?)  texana  varies 
widely  in  outline  and  to  a  lesser  degree  in 
detail  of  sculpture.  The  shell  runs  larger  and 
heavier  than  the  typical  C,  macrodonta  Whit- 
field, and  the  sculpture  of  the  left  valve,  though 
discrepant,  is  regular  and  differs  from  that  of 
the  right  only  in  the  narrower  ribs,  wider  inter- 
spaces, and  in  its  development  over  a  more 
restricted  portion  of  the  shell.  These  differ- 
ences, though  slight,  are  fairly  constant  in  the 
imperfect  material  in  hand.  OwcvIUiea  saffordi 
Gabb  was  described  from  a  shell  0.2  inch  in 
latitude.  This  type,  according  to  Harris,  has 
been  lost.  Until  the  young  have  been  corre- 
lated with  adults  at  the  type  locality  and  the 
species  adequately  described  from  such  mate- 
rial the  characters  of  C.  saffordi  Gabb  must  be 
open  to  question.  There  is  need  for  unconmion 
caution  in  Hardeman  County,  as  the  Upper 
Cretaceous  and  Ik)cene  outcrops  are  very  near 
to  one  another  and  were  confused  in  some  of 
the  earlier  collections. 

Stations  in  Midway  formation. 

2440  (c).  4  miles  east  of  Kemp,  Kaufman  County. 

2439  (r).  1  mile  east  of  Webberville,  Travis  County. 

?6584  (r).  D'Hams- Yancey  road,  about  7^  miles  east  of 
south  of  D'Hanis,  Medina  County. 

3180  (c).  Bluff  on  Frio  River,  half  a  mile  below  Myrick'e 
(Evans's)  apiary,  Uvalde  County. 
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583  (r).  18  miles  southeast  of  Eagle  Pass,  Maverick 
County. 

4398  (p).  18  miles  southeast  of  Eagle  Pass,  Maverick 
County. 

6583  (p).  Biboro  Creek,  just  below  Biboro  tank,  about 
18  miles  southeast  of  Eagle  Pass,  Maverick  County. 

6575  (c).  White  Bluff  on  Rio  Grande,  land  of  Indio  Cat- 
tle Co.,  about  4 J  miles  west  of  south  of  Jacal  ranch  house, 
in  southeastern  part  of  Maverick  County. 

Family  GABDITIDAE. 

(}enii8  VENESICABDIA  Lamarck. 

Yenericardia    (alticostata   subsp.?)    whitei   Gardner,   n. 

subsp. 

Plate  XXXII,  figure  3. 

« 

Venerioardia  alticostata  Harris  (part),  Bull.  Am.  Paleon- 
tology, vol.  1,  No.  4,  p.  171,  pi.  5,  fig.  3,  1896. 

Not  VenericarcUa  perantigtui  Conrad,  Am.  Jour.  Conchol- 
ogy,  vol.  1,  p.  8,  1865. 

Shell  small  but  thick  and  heavy,  tranversely 
elongated  in  outline,  rather  compressed;  um- 
bones  low,  broadly  rounded,  for  thelnost  part 
strongly  anterior  in  position;  lunule  minute; 
anterior  extremity  bowed  in  front  of  the  lunule; 
posterior  extremity  obliquely  produced  and 
broadly  rounded;  base  line  feebly  arcuate;  sur- 
face coarsely  sculptured  radially;  radials 
usually  19  to  21  in  number,  broad,  crowded  and 
heavily  corrugated  upon  the  anterior  and  me- 
dial portions  of  the  shell;  narrow  and  less 
closely  spaced  posteriorly;  ligament  characters 
not  known;  dentition  apparently  normal,  very 
poorly  preserved  in  all  the  material  available 
for  study;  adductor  scars  very  distinct;  pallial 
line  simple;  inner  margins  very  coarsely  crenate. 

Dimensions:  Altitude,  25  millimeters;  lati- 
tude, 31  millimeters;  semidiameter,  13.5  milli- 
meters. 

Type  locality:  Station  3180,  Bluff  on  Frio 
River  half  a  mile  below  Myrick's  apiary,  Uvalde 
County. 

The  new  subspecies  differs  from  V.  alticostata 
s.  s.  and  from  the  subspecies  hesperia  in  the 
simple  radials.  V.  smithii  is  larger  and  rela- 
tively higher  as  a  rule,  \^dth  normally  over  30 
radials  instead  of  less  than  25,  as  in  whitei. 

Vcnericardia  perajitiqva  was  described  under 
the  name  Cardita  svhqvadratu  by  Gabb  from 
the  Eocene  of  New  Jersey.  The  casts  are  very 
imperfect,  ])ut  they  indicate  a  much  compressed, 
trigonal  to  subquadrate  form  quite  unlike  any- 
thing reported  from  the  Eocene  of  Texas  or  of 
the  (lulf. 

The  form  is  named  in  honor  of  Dr.  Chai'les  A. 
White,  one  of  the  foremost  of  the  earlier  paleon- 
tologists and  one  of  the  first  to  collect  from  the 
Texas  Tertiary  formations. 


Stations  in  Midway  formation. 

3180  (p).  Bluff  on  Frio  River  half  a  mile  below  Myricfc's 
(Evans's)  apiary,  Uvalde  County. 

6279  (r).  11  miles  south  of  Sabinal,  a  few  hundred  yards 
south  of  the  junction  of  Elm  Creek  with  Sabinal  Creek, 
Uvalde  County. 

4398  (r).  18  miles  southeast  of  Eagle  Pass,  Maverick 
County. 

Yenericardia  alticoetata  subsp.  hesperia  Gardner,  n.  subsp. 

Plate  XXXII,  figures  1, 2. 

Yenericardia  alticostata  Harris  (part),  Bull.  Am.  Paleon- 
tology, vol.  1,  No.  4,  p.  171,  1896. 

Not  Cardita  alticostata  Conrad,  Am.  Jour.  Sci.,  1st  eer., 
vol.  23.  p.  342,  1833. 

Shell  of  moderate  dimensions,  thick,  porcel- 
lanous,  inflated-cordate  in  cross  section;  um- 
bones  prominent,  well  rounded,  slightly  ante- 
rior in  position;  lunule  very  small,  deep;  ante- 
rior extremity  strongly,  and  evenly  bowed  in 
front  of  the  lunule;  posterior  dorsal  mai^^in 
gently  sloping,  the  posterior  lateral  margin  ob- 
liquely truncate;  base  line  feebly  arcuate, 
strongly  upcurved  anteriorly,  abruptly  rounded 
posteriorly;  general  character  of  surface  sculp- 
ture similar  to  that  of  F.  alticostata  s.  s.;  ra- 
dials not  far  from  20  in  number,  normally  tri- 
partite on  the  anterior  and  medial  portions  of 
the  shell  as  in  F.  alticostata;  crest  of  radials 
narrow  and  sharply  serrate;  lateral  "terraces" 
well  defined;  inter-radial  channels  broadly  U- 
shaped;  incremental  sculpture  very  fine  and 
sharp;  heavy  growth  stages  rarely  developed; 
hinge  and  ligament  characters  poorly  preserved; 
hinge  plate  thick,  heavy;  adductor  scars  im- 
pressed, the  anterior  excavated;  pallial  line 
simple;  inner  margins  deeply  crenate. 

Dimensions:  Altitude,  38  millimeters;  lati- 
tude, 37  millimeters;  diameter,  44  millimeters. 

Type  locality:  Station  3180,  Bluff  on  Frio 
River  half  a  mile  below  Myrick's  apiary, 
Uvalde  County. 

The  subspecies  hesperia  is  shorter  and  wider 
than  F.  alticostata  and  more  inflated  in  the  um- 
bonal  region.  In  sculptural  characters,  how- 
ever, the  two  forms  are  similar. 

Vcnericardia  bulla  Dall  is  smaller  and  rela- 
tive! v  liisrher  and  has  a  hig:her  and  relativelv 
heavier  hinge  plate  and  less  numerous  radials. 
In  both  V.  smithii  Aldrich  and  F.  alticostata 
subsp.  wh  itei  the  radials  are  simple. 

Stations  in  Midway  formation. 

1/128  (p).  IJ  miles  northwest  of  New  Fountain,  Medina 
Count  V. 

31S0  (p).  Bluff  on  Frio  River  half  a  mile  below  Mjiick's 
(Evans's)  apiary,  Uvalde  County. 
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3181  (p).  Frio  River  just  above  waterhole  opposite 
apiaiy,  below  Englemann's  ranch,  Uvalde  County. 

?6279  (r)  (No.  274c).  11  miles  south  of  Sabinal,  a  few  hun- 
dred yards  south  of  the  junction  of  Elm  Creek  with 
Sabinal  Creek,  Uvalde  Coimty. 

?4398  (r).  18  miles  southeast  of  Eagle  Pass,  Maverick 
County. 

6583  (p).  Biboro  Creek,  just  below  Biboro  tank,  about  18 
miles  southeast  of  Eagle  Pass,  Maverick  County. 

6575  (p).  White  Bluff  on  Rio  Grande,  land  of  Indio  Ca^ 
tie  Co.,  about  4i  miles  west  of  south  of  Jacal  ranch  house, 
in  the  southeastern  part  of  Maverick  County. 

Family  VENEBIDAE. 

OenuB  GALLOCASDIA. 

Calloeardia  astartoides  Gardner,  n.  sp. 

Plate  XXXII,  figures  4-7. 

Shell  small  for  the  genus,  thick  shelled,  trig- 
onal, ovate  in  outline,  astartiform,  moderately 
compressed;  umbones  not  conspicuous,  the  tips 
proximate  and  prosogyrate,  slightly  anterior; 
lunule  rather  wide,  cordate,  slightly  depressed, 
and  delineated  by  an  incised  line:  escutcheon 
not  defined;  anterior  extremity  bowed  slightly 
in  front  of  the  lunule;  posterior  end  of  shell 
obliquely  truncate  and  feebly  arcuate  from  the 
umbones  to  the  basal  margin;  base  line  arcu- 
ate, more  abruptly  rounded  posteriorly  than 
anteriorly;  external  surface  finely  and  evenly 
threaded  concentrically;  resting  stages  con- 
spicuous, usually  one  strongly  defined  near 
the  umbones  and  several  not  quite  so  prominent 
toward  the  base;  a  fine  and  regular  radial  linea- 
tion  visible  upon  weathered  surfaces;  external 
ligament  mounted  upon  a  rather  heavy  njonph 
produced  more  than  one-third  of  the  length  of 
the  posterior  dorsal  margin;  dentition  robust; 
the  laminar  anterior  cardinal  of  the  right  valve 
broken  away;  medial  cardinal  rather  slender, 
cimeate;  posterior  cardinal  produced;  left  an- 
terior and  medial  cardinals  united  imder  the 
umbones  to  form  an  asynametric  V,  the  anterior 
cardinal  slender,  the  medial  cardinal  relatively 
heavy  and  deltoid;  posterior  left  cardinal 
broken  away,  doubtless  very  thin  and  laminar; 
a  very  short  obtuse  lateral  tooth  developed  in 
the  left  valve,  received  in  a  corresponding 
socket  in  the  right;  adductor  scars  distinct,  the 
anterior  the  more  prominent;  pallial  sinus  pro- 
duced almost  to  the  median  vertical,  obtusely 
trigonal ;  inner  margins  entire. 

Dimensions:  Right  valve,  altitude  16.0  mil- 
limeters, latitude  16.5  millimeters,  semidiameter 
7.4  millimeters;  left  valve,  altitude  17.0  milli- 
meters, latitude  17.3  millimeters,  semidiameter 
8.6  millimeters. 


Type  locality?  Station  8833,  about  7  miles 
up  the  Rio  Grande  from  Laredo,  at  Eaiob 
Bluffs,  a  quarter  of  a  mile  above  pump  of  Santa 
Barbara  farm,  Webb  County,  Tex. 

Calloeardia  astartoides  is  a  remarkable  species^ 
imiting  the  dentition  and  sinal  characters  of  the 
Veneridae  with  the  external  outline  and  sur- 
face sculpture  of  certain  of  the  Astartidae.  The 
occurrence  of  so  primitive  a  type  of  a  highly 
specialized  group  in  the  early  Tertiary  beds  is 
of  unusual  interest. 

Calloeardia  astartoides  is  the  dominant  species 
at  the  type  locality  and  common  at  a  number 
of  other  localities  in  the  Cook  Mountain  forma- 
tion. 

Stations  in  Cook  Mountain  formation. 

?8850  (c).  500  yards  southwest  of  Espejo  ranch,  8  miles 
south  of  Laredo,  Webb  County. 

8833  (a).  About  7  miles  up  the  Rio  Grande  from  Laredo, 
in  Knob  Bluffs,  a  quarter  of  a  mile  above  pump  of  Santa 
Barbara  farm,  Webb  County. 

8768  (c).  1^  miles  north  of  apd  a  trifle  east  of  the  third 
gate,  7  miles  southeast  of  Velenzuela  ranch  house,  Webb 
County. 

8770  (c).  39.9  miles  north  of  Rio  Grande  City,  Starr 
Coimty,  on  river  road  to  Zapata,  just  north  of  Lopefio  poet 
office,  Zapata  County. 

FamUy  TELLINIDAX. 

Genus  TBLUNA  (Linnaeus)  Lamarck. 

Tellina  sp.  A. 

PUte  XXXII,  figures  8, 9. 

Shell  large,  not  very  thin,  much  compressed, 
transversely  ovate-trigonal  in  outline,  nearly 
equilateral;  umbones  flat,  inconspicuous  except 
by  reason  of  their  position  at  the  apex  of  an 
angle  of  not  far  from  120°;  anterior  and  pos- 
terior dorsal  margins  nearly  similar,  the  pos- 
terior declining,  perhaps,  a  little  more  steeply; 
lateral  extremities  quite  sharply  rounded;  base 
line  symmetrically  arcuate;  an  inconspicuous 
rostral  fold  developed  near  the  posterior 
dorsal  margin,  defined  rather  by  the  abrupt 
change  in  the  direction  of  the  incrementals  than 
by  its  elevation;  surface  sculpture  incremental 
in  character,  least  feeble  posteriorly  and  toward 
the  basal  margin,  becoming  abruptly  stronger 
behind  the  rostral  fold  and  indicating  by  the 
undulation  a  second  very  obscure  fold;  char- 
acters of  ligament  and  hinge  not  known;  ad- 
ductor scars  commonly  quite  prominent;  pallial 
sinus  obscure  but  apparently  very  deep,  pro- 
duced almost  to  the  anterior  adductor,  not 
confluent   below. 
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The  species  is  deddcdlr  Imi^gcr  than  anj  other 
found  in  the  Eocene  <rf  Texas.  A  Udtode  of 
40  miHtmetqg  is  not  uneooimon  mnd  one 
CMt,  presumably  identicaJ.  resches  an  altitude 
of  40  with  a  probable  latitude  of  60  millimeters 
or  more.  Unfortunatelr.  onlr  casts,  scmie  of 
them  with  a  few  fragments  of  shell  adhering^ 
are  preserved. 

fkatiansin  Cook  MotaUmn  fftrmaium. 

mil  (p).  4  milefl  wnutheaA  of  Laredo.  Webb  County. 
e,4f)4  (p),  I  mile  west  of  Canada  Vetde  lanch,  Webb 
^>>onty. 
ii4^>  ic).  La  Perla  tanch  below  Laredo.  Webb  County. 
?Mj37  (Tf.  3J  miles  above  8an  Ygnacio.  ZapaU  County. 
?^770  (p),  lAjpeHo  post  office,  Zokp^ttL  County. 

Taadlj  PHOLASIDAX. 


nae  XXXII,  figure  10. 

SJiell  Tery  thin,  transversely  elongated,  taper- 
ing posteriorly,  strongly  inflated;  anterior  third 
of  s^iell  cut  off  by  a  deep  but  narrow  groove, 
dropped  from  the  umbones  and  extending 
obliqaely  backward;  umbones  low,  conforming 
to  tlie  tubular  outline  of  the  shell,  prosogyrate; 
anterior  extremity  rounding  smoothly  into  the 
upcurved  base;  posterior  dorsal  and  ventral 
margins  slowly  converging,  the  narrow  lateral 
extremity  vertically  truncate;  shell  usually 
decorticated  but  so  thin  that  the  sculpture  is 
reflected  on  the  cast;  a  concentric  sculpture, 
incremental  in  character  and  more  or  less  irreg- 
ular, developed  over  the  entire  shell  but  stronger 
upon  the  anterior  third;  radials  approximately 
equal  in  strength  to  the  concentric  rugae  and, 
like  them,  somewhat  irregular,  developed  only 
in  front  of  the  groove;  characters  of  the  hinge 
and  of  the  interior  not  known. 

Dimensions:  Altitude,  9.0  millimeters;  lat- 
itude, 20.0  ±  millimeters. 

Type  locality:  Station  6434,  a  quarter  of  a 
mile  south  of  Espejo  ranch,  south  of  Laredo, 
in  Webb  County,  Tex. 

Mariesia  texana  Harris  is  similar  to  this 
species  in  outline  and  general  dimensions,  but 
the  umbones  of  the  Cherokee  County  species 
are  not  so. near  to  the  anterior  extremity,  the 
groove  cuts  off  decidedly  more  than  the  ante- 
rior third,  and  there  is  an  apparent  absence 
of  any  radial  sculpture.  No  trace  of  either 
M,  texana  or  M.  laredoensis  has  been  found 
except  at  the  type  localities. 


Station  in  Ccok  Mountain  fonnation. 

6434.  A  quarter  of  a  mile  south  of  Espejo  ranch,  south 
<tf  Laredo,  Webb  County. 

Amlly  ^BRSBmiDaE. 

Gcniu  TEBXDO  Linnaeus. 

Teredo  maTerickensifl  Gardner,  n.  sp. 

Tubes  of  moderate  dimensions,  somewhat 
irregular  in  growth  habit  though  tending  to  fol- 
low the  grain  of  the  wood;  closely  and  quite 
sharply  rugose;  characters  of  valves  not  known. 

Dimensions:  Diameter, 6.0 millimeters;  thick- 
ness of  shell,  0.6  millimeters. 

Type  locality:  Station  1/277,  Rio  Grande, 
lower  end  of  Maverick  County,  about  40  feet 
below  Midway-WUcox  contact. 

This  teredo,  which  packs  a  large  fragment  of 
fossilized  wood,  is  the  first  that  has  been  report- 
ed from  the  Midway  of  the  Gulf.  It  differs  from 
the  later  Eocene  teredos  in  the  less  r^ular 
growth  habits  and  particularly  in  the  very 
decided,  close,  sharp  wrinkling  of  the  surface. 
The  value  of  these  differences  is  increased  by 
the  difference  in  the  habitat.  It  is  interesting 
to  find  a  record  of  the  unfortunate  appetite 
of  this  animal  in  the  Midway  of  Texas. 
Station  in  Midway  formation. 

11277,  Rio  Grande,   lower  end  of  Maverick  County^ 
about  40  feet  below  Midway- Wilcox  contact. 

OASTBOPODA. 

FamUy  CSRITUUDAE. 

Genus  CEBITHmM  Brngniexe. 

Cerithiam?  sp.  A. 

Plate  XXIX,  figures  1, 2. 

Internal  casts  of  CerUhium-hke  forms  occur 
in  considerable  numbers  in  southwestern  Texas 
and  serve  as  excellent  horizon  markers  of  the 
Midway.  These  casts  indicate  a  rudely  biconic 
shell  with  the  maximimi  diameter  in  front  of  the 
median  horizontal.  The  whorls  of  the  conch 
were  probably  about  6  or  7  in  number,  rudely 
trapezoidal  in  outline  and  increasing  quite 
rapidly  in  diameter.  The  body  was  smoothly 
rounded  in  the  adults,  though  probably  rather 
acutely  angulated  in  the  young.  Some  indi- 
viduals show  a  suggestion  of  an  irregular 
Cerithium-like  ribbing.  The  aperture  was  ap- 
parently between  one-third  and  one-half  as 
long  as  the  entire  shell  and  was  obliquely 
lenticular  in  outline.  A  specific  name  is 
reserved  in  the  hope  that  the  shell  may  come 
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to  light  later.  In  the  meantune  these  easily 
recognizable  casts  may  be  of  service  in  indicat- 
ing the  Midway  age  of  the  formation  in  which 
they  are  carried. 

Dimensions  of  imperfect  figm'ed  specimen: 
Altitude,  42.0  millimeters;  maximum  diameter, 
21.0  millimeters. 

Stations  in  Midway  formation, 

3180  (p).  Bluff  on  Frio  River,  half  a  mile  below  My- 
rick's  (Evans's)  apiaiy,  Uvalde  County. 

6576  (c).  Land  of  Indio  Cattle  Co.,  1}  miles  below 
White  Bluff,  about  4^  miles  southwest  of  Jacal  ranch 
house,  Maverick  County. 

8799  (p).  Texas  side  of  the  Rio  Grande  1  mile  below 
the  BlesB^  ranch  house,  Maverick  County. 

CEPHALOPODA. 

FamUy  CLTDONAT7TILIDAE  Hyatt. 

Qenus  ENGLIMATOCBHAS  Hyatt. 

EncUmatoceras  Taaghani  Gardner,  n.  sp. 

Plate  XXXIII. 

Shell  large,  rather  compressed  toward  the 
apex,  more  broadly  roimded  ventrally  toward 
the  aperture,  obliquely  flattened  laterally; 
whorls  numerous,  increasing  but  slowly  in 
latitude;  the  altitude  of  the  earlier  whorls  a 
little  more  than  three  times  their  average  width 
from  suture  to  suture,  of  the  later  whorls  a  little 
less;  final  whorl  of  a  half  grown  specimen 
rudely  reniform  in  outline,  somewhat  atuicu- 
late  laterally,  concave,  the  diameter  of  the 
whorl  approximately  double  the  altitude; 
umbilici  quite  strongly  depressed,  their  periph- 
eries obscurely  carinate;  ventral  saddle  very 
broad  and  nearly  horizontal;  lateral  lobes 
broad  and  very  shallow;  lateral  saddles  rela- 
tively narrow  and  moderately  deep;  siphuncle 
dorsad,  migrating  slowly  toward  the  center 
with  increasing  age;  surface  not  known. 

Dimensions:  Maximum  diameter  of  shell, 
168.0  ±    millimeters;    diameter    of    shell    at 


right  angles  to  maximum  diameter,  140.0  i: 
millimeters;  thickness  100.0  millimeters.  Ado- 
lescent individual :  Maximum  diameter  of  shell, 
93.0 d:  millimeters;  diameter  of  shell  at  right 
angles  to  maximum  diameter,  64. 0  ±  milli- 
meters; maximiun  thickness,  73.0  ±  milli- 
meters. A  larger  but  imperfect  individual 
attains  a  maximum  diameter  of  220.0  milli- 
meters. 

Type  locality:  Station  3178,  three-fourths 
mile  northwest  of  Myrick's  (Evans's)  apiary, 
Frio  River,  Uvalde  C!ounty. 

Endimatoceras  vaughani  is  the  Texas  ana- 
logue of  Endimatoceras  vlrichi  (White),  of  the 
Midway  of  Alabama,  a  form  very  similar  in 
general  dimensions  and  outline.  The  adult 
E.  vaughani  are,  as  a  rule,  more  compressed 
than  the  adult  E.  vlrichi,  but  the  young  of  the 
two  species  show  similar  ranges  of  variation. 

The  umbilici  also  seem  to  be  a  little  more 
depressed  in  the  Texas  species.  The  most 
obvious  and  constant  difference,  however,  is 
in  the  outline  of  the  lobes  and  saddles.  The 
sutures  in  E.  vlrichi  are  much  more  flexuous 
than  those  of  E,  vaughani.  In  E,  vaughani  the 
ventral  saddle  is  nearly  horizontal  and  the 
lateral  lobes  exceedingly  shallow.  In  E,  vl- 
richi the  ventral  saddle  is  perceptibly  arcuate 
and  the  lateral  lobes  are  strongly  incurved. 
The  lateral  saddles  are  well  developed  in  both 
species,  though  they  are  deeper  in  the  Texas 
form. 

I  have  the  honor  of  dedicating  this  species 
to  Dr.  T.  Wayland  Vaughan. 

Stations  in  Midway  formaticm. 

3178  (p).    Three-fourths  mile  northwest  of  M3nick'8 
(Evans's)  apiar>%  north  of  Frio  River,  Uvalde  County. 

3179  (p).    Half  a  mile  northwest  of  Myrick's  (Evans's) 
lower  apiary,  south  side  of  Frio  River,  Uvalde  County, 

Frio  River  half  a  mile  above  Bob  Evans's  (formerly 
Myrick's)  apiary,  Uvalde  County. 


PLATES  XXIX-XXXIII. 


117 


GEOLOdCAL  SUBVEr  PROFESSIONAL   PAPEIt   131      PLATE   XXIX 


EOCENE  MOLLUSCS  FROM  SOUTHWESTERN  TEXAS. 


t,  A.  CucuUara  ( MarraioBla  sub;p.  T>  tasia  Oardnfr,  n.  a 
8,  7.  Oilrea  alabamlentii  subsp.  tmrgiana  Coorsd.    th  Exti 


I,  cEOLoaicAL  scnvnY  propessiosal  papeh  i3i    flate  xxx 


EOCENE  MOLLUSCA  FROM  SOUTHWESTERN  TEXAS. 

I«a  atabtimlcnili  subsp.  fiortlana  Conrad.    Eiterlor  ol  right  i-alvo,  X 


V.  B.  GBOLOOICAL  BURVEV  PBOFEBBIONAL   PAPER    131      PLATE    XXXI 


EOCENE  M0LLU3CA  FROM  SOUTHWESTERN  TEXAS. 
1-4.  OMrcs  Uui  Oudner,   a.  ip.    1,  Eilerlcr  o(  lelt  valve,  X  1 ;  2.  lnUrl«  of  leIC  valve,  X  1;  3i  eil«ri(iT  ot  rtgbC  valve,  x 


FROCEB9Ir>KAL   PAPER    131      PLATE    I 


°  7  11 

EOCENE  MOLLUSCA  FROM  SOUTHWESTERN  TEXAS. 
t.  3.  Vtwrinj'dia  oUtow/oM  subsp.  Iitipcria  Gardner,  n.  aubsp.    1.  FTont  view,  >;  1:  Z,  csierlor  of  right  valve,  x  1. 
3.  Vtntticardia  allicMlala  subsp.  altilei  Qaidnct,  a.  subsp.    Exlerinc  ol  riglit  valve,  x  1. 
4-7.  caUocariia  ailanaiiit  Gardufr,  n.  sp.    4,  £x(ai<jr  o[  right  valve,  X2;  B,  Interior  or  right  valve,  X  Z;  6,  exterlorof  left  valve 

7.  UiU:ri(cor  left  valve,  X  2. 
a,  a   TeOinasp.  \.    »,  Inlemal  ca»t  oMett  valvp,  X  I :  II.  ialemal  cast  o(  left  valve,  X  1. 

10.  ifiKltBu  larcdniJatt  Gardner,  n.  sp.    External  ca.4t  ol  right  valve,  X  2, 

11.  Tirtio  iBowriclnuii  Oarrtner,  n.  3p.    Loogltuiihrnl  rtevrs  and  natural  cross  seel ionii  ol  tubes  In  lossU  wood,  x  1. 


IKEeStOXAti   PAPBR   i: 


EOCENE  MOLLUSCA  FROM  SOUTHWE3TEHN  TEXAS. 

n.  ap,    1.  Lateral  view    X  i:  2,  tross  s«llon  ot  iu!olc9Wni  Individual,  X  1;  3,  spertural  view  or  adolescent 


PRELIMINARY  REPORT  ON  FOSSIL  VERTEBRATES  OF  THE  SAN  PEDRO 
VALLEY,  ARIZONA,  WITH  DESCRIPTIONS  OF  NEW  SPECIES 

OF  RODENTIA  AND  LAGOMORPHA. 


By  James  W.  Gidley. 


INTRODUCTION. 

On  the  initiative  of  the  United  States  Geo- 
logical Survey  and  with  the  cooperation  of  the 
United  States  National  Museum,  I  was  privi- 
leged during  February,  March,  and  part  of 
April,  1921,  to  collect  fossU  vertebrates  in  the 
San  Pedro  Valley,  Ariz.,  where  remains  had  pre- 
viously been  located  by  Kirk  Bryan,  of  the 
Geological  Survey.  The  results  of  this  expe- 
dition are  here  published  in  part. 

The  special  problem  involved  was  the  deter- 
mination of  the  age  of  the  sedimentary  deposits, 
which  up  to  that  time  had  been  termed  Pleis- 
tocene. Two  locahties,  apparently  at  slightly 
different  horizons,  yielded  material  represent- 
ing a  fauna  sufficiently  varied  and  distinctive 
to  establish  their  age  as  Pliocene. 

The  locaUty  first  visited  is  a  small  area  of 
badlands  about  3  miles  east  of  the  Curtis  ranch, 
which  is  on  the  State  road  about  14  miles 
northwest  of  Tombstone  and  an  equal  distance 
southeast  of  Benson,  by  road.  The  second 
locality  is  west  of  the  State  road  about  2  miles 
south  of  Benson.  These  two  localities  are 
about  12  miles  apart  and  on  opposite  sides  of 
the  San  Pedro  VaQey.  The  first  locality 
yielded  by  far  the  greater  bulk  of  material, 
but  the  species  represented  in  the  collection 
from  the  second  are  more  n\imerous.  Strati- 
graphicaJly  there  seems  to  be  no  difference  in 
the  level  of  the  beds  of  the  two  localities,  and 
structurally  they  are  very  similar,  yet,  so  far 
as  I  am  able  to  determine,  they  contain  no 
species  in  conunon.     Because  of  this  fact,  as 


well  as  the  general  character  and  assemblage 
of  the  forms  represented,  I  am  led  to  consider 
them  as  of  slightly  different  age,  the  beds  at 
the  Benson  locality  being  apparently  the  older. 

Most  of  the  manmial  material  is  fragmentary, 
but  several  good  specimens  were  procured, 
including  enough  material  for  the  restoration 
of  the  dermal  armor  and  skeleton  of  a  Glypto- 
iherium  and  a  possible  skeletal  restoration  of 
a  mastodon,  both  from  the  Curtis  localitv. 
The  material  from  the  Benson  locality  here 
described  was  all  collected  at  one  spot,  a  fossil 
bone  quarry  opened  up  and  worked  by  Kirk 
Bryan  and  me.  Inunediately  associated  mate- 
rial from  this  quarry  includes  fragmentary  speci- 
mens of  Hipparion,  Pliauchenat^  PlatygonuSy 
and  Pliohippus  or  Ilippidiwnf,  together  with  a 
new  species  of  box  turtle  and  eight  new  species 
of  birds,  not  all  of  which  are  satisfactorily 
definable  from  the  scanty  material  obtained. 

The  greater  part  of  the  specimens  included 
in  these  coUfections  have  not  yet  been  prepared, 
but  those  belonging  to  the  orders  Rodentia 
and  Lagomorpha  have  been  cleaned  and 
studied,  and  the  new  species  are  here  described. 
Those  from  the  Curtis  locality  were  all  found 
during  the  excavation  of  one  of  the  mastodon 
skeletons.  Immediately  associated  with  them 
were  remains  of  a  llama,  a  canid,  a  mustiUd, 
a  small  land  turtle,  an  edentate,  and  two 
species  of  small  birds. 

A  tentative  list  of  the  orders,  families, 
genera,  and  species,  so  far  as  they  have  been 
determined,  represented  in  each  locality  is 
given  on  page  120. 
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Preliminary  list  of  fossil  vertebrates  from  the  San  Pedro  Valley ,  Ariz. 


"    r     ■     * 


MAHMALIA. 

Proboflcidia: 

Elephantidae: 

Cf.  Dibelodony  probably  n.  sp 

Ci.Gompotherium,  probably  n.  sp. 
Periasodactyla: 
Equiidae: 

Eauus,  undet 

PliohippuSf  undet 

Hippanon,  undet 

Artiodactyla: 
Camelidae: 

Lama^  n.  sp 

Cf .  ProixmieluSf  undet 

Cf.  Pliaucheniay  undet 

Tayassuidae: 

Platygonus  cf.  P.  vetus^  or  n.  sp.. 
Cervidae: 

OdocoiUus,  n.  sp 

Merucodus  near  M.  necaius 

Cf.  merycoduSy  n.  sp 

Camivora: 

Canids,  3  n.  sp 

Felid?^  n.  sp 

Mustilid,  sp 

Rodentia: 
Sciuridae: 

Citelltts  cochiseij  n.  sp 

Citellus  bensonif  n.  sp 

Geomyidae: 

Geomys  parvidens^  n.  sp 

Geomys  minora  n.  sj) 

Cratogeomys  bensoni^  n.  sp 

Heteromyidae: 

DipodomysminoTj  n.  sp 

Muridae: 

Subfamily  Cricetinae; 

Peromyscus     brachygnathuSy 

n.  sp 

Peromyscus  minimus ^  n.  sp.. 

Peromyscus  sp 

Eligwjodontia  anzona^y  n.  sp. 
Onychomys  pedroensis,  n.  sp. 
Onychomys  bensoni,  n.  sp. . . 

Sigrruodon  curtisiy  n.  sp 

Sigmodon  m,xnor^  n.  sp 

Sigmodonm^dius,  n.  sp 

Subfamily  Neotomeniae: 

NeoUymafossiliSy  n.  sp 

Subfamily  Microteinae: 

Neofiber  sp 


Number  of  species. 


Benson. 


Curtis. 


1 
1 
1 


1 
1 
1 

2 

1 
1 


1 
1 


MAMMALIA — Continued. 

Lagomorpha: 
Leporidae: 

Lepus,  3  sp.,  possibly  new.. 
Syivilagus  or  brachylagus  sp. 
Edentata: 

GlyptodontidsMB: 

Glyptotheriumf  n.  sp 


Number  of  spedas. 


Benson. 


Total  Mammalia. 


REPTILIA. 

Testudines: 

Testudinidae: 

Testudo,  2  sp.  undet 

Kinosternodae: 

Kinostemon,  new  sp 

Batrachia: 
Salientia: 
Ranidae: 

Rana  or  Bufo,  not  yet  deter- 
mined  


Total  Reptilia. 


AVES. 

Galliformes: 

Odontophoridae: 

Undetermined 

Colinus  sp.  undet 

Family  undet 

Anseriformes: 
Anatidae: 

Dendrocygna^  n.  sp 

Brantay  n.  sp 

Charadriif ormes : 
Scolopacidae: 

Aficropalamay  n.  Bp 

Family  undet.,  medium-sized  form. . 
Columbiformes: 

Family  undet.    A  pigeon  somewhat 

smaller  than  the  domestic  dove 

Passerif ormes: 
Fringillidae: 

Small  sp.,  undet 

Other    passerines    represented    by 
scanty  material 


Total  Aves. 


2 
1 


23 


Curtis. 


1 
1 


1 
1 


1 
1 


1 
1 


1 
1 


8  ' 


22 


1 
1 


Tlie  reptilian  remains,  including  at  least 
two  species  of  turtles,  probably  new,  are 
being  described  by  C.  W.  Gilmore,  and  the 
bird  bones  are  being  studied  and  will  be  des- 
cribed by  Alexander  Wetmore,  of  the  Biolog- 
ical Survey,  Department  of  Agriculture.  The 
tentative  lists  of  Reptilia  and  Aves  given 
above  are  furnished  by  these  gentlemen. 


GEOLOGIC  HORIZON  AND  CLIMATIC  CONDITIONS 

INDICATED. 

This  preliminary  study  reveals  little  positive 
evidence  regarding  the  exact  geologic  horizon 
of  the  beds  in  San  Pedro  Valley,  beyond  what 
is  stated  above.  They  seem  to  be  clearly 
Pliocene,  and  the  peculiar  mingling  of  modem 
and  more  ancient  forms  seems  to  point  rather 
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definitely  to  a  late  stage  of  Pliocene  time. 
Unfortunately,  the  material  of  these  collec- 
tions represents  for  the  most  part  new  species 
that  can  not  be  correlated  with  known  faunas 
of  other  localities  where  the  age  of  the  beds 
has  been  established.  However,  the  species 
are  sufficiently  numerous  and  varied  to  con- 
stitute a  standard  for  comparison,  and  future 
field  work  in  this  region  will  almost  certainly 
bring  to  light  material  that  will  definitely  and 
correctly  determine  the  proper  sequence  of 
these  deposits. 

The  facts  that  there  are  here  two  or  three 
species  of  true  horse  (Equus)  and  that  the 
rodents  are  all  referable  to  modern  genera, 
some  of  which  are  found  living  in  this  general 
region,  may  suggest  Pleistocene  age.  But 
to  offset  this  evidence  of  a  seemingly  more 
modem  fauna,  the  mastodons  and  glypto- 
donts  are  of  distinctly  Pliocene  types,  and  one 
of  the  canids,  though  modem  in  skull  and 
dental  modifications,  has  the  type  of  himierus 
belonging  to  the  Miocene  and  Pliocene  canids, 
in  that  the  entepicondylar  foramen  is  prom- 
inently present.  This  feature  and  the  pres- 
ence of  Hipparion,  PlioMppus,  and  Merycodus, 
together  with  the  fact  that  the  15  or  more 
species  of  rodents  include  no  living  species, 
constitute  rather  conclusive  evidence  of  a 
faunal  assemblage  that  is  older  than  Pleis- 
tocene. 

This  general  assemblage  of  species,  including 
proboscidians,  camels,  horses,  glyptodonts, 
and  an  extinct  species  of  the  ocellated  turkey 
related  to  a  group  now  living  only  in  Central 
America  and  southern  Mexico,  suggests  that 
the  climate  at  the  time  the  beds  were  laid 
down  was  rather  warm  and  moist,  probably 
subtropical  or  even  tropical. 

The  presence  of  a  true  llama,  the  glypto- 
dont,  and  a  rodent  belonging  to  a  genus  now 
living  only  in  South  i\jnerica  seems  to  indicate 
an  intermingling  of  forms  of  South  American 
origin,  and  the  presence  in  these  PUocene 
deposits  of  a  rodent  and  camel  of  definite 
South  American  living  types  suggests  the 
derivation  of  their  South  American  relatives 
from  North  ^Vmerica  and  favors  the  suggestion 
of  an  exchange  of  faunas  between  the  two 
continents  which  took  place  somewhere  near 
this  epoch  of  geologic  time. 


DESCRIFnONS  OF  SPEOES. 
Order  BODBNTIA. 

The  order  Rodentia  is  represented  in  the  San 
Pedro  Valley  by  17  species,  11  of  which  occur 
at  the  Benson  locality  and  6  at  the  Curtis  local- 
ity. Of  these  species,  15  are  here  described  as 
new,  and  2  are  not  certainly  determined  on  the 
scanty  material  in  hand.  However,  though 
all  the  species  represented  seem  to  be  new,  each 
is  readily  referable  to  one  of  ten  living  genera, 
distributed  among  f om*  families — the  Sciuridae, 
Geomyidae,  Heteromyidae,  and  Muridae.  The 
species  belonging  to  the  Muridae  represent  three 
subfamilies — the  Cricetinae,  Neotomeniae,  and 
Microteinae. 

Family  SCIUBIDAE. 

The  family  Sciuridae  is  represented  by  two 

new   specie,   both    belonging    to    the    genus 

CUeUus. 

CfteDus  cochisei  Gidley,  n.  sp. 

Plate  XXXIV,  figures  1,  2. 

Type, — ^Portion  of  a  right  maxillary  contain- 
ing all  the  cheek  teeth  (catalog  No.  10490,  U.  S. 
Nat.  Mus.) . 

Paratype. — ^Portion  of  a  left  lower  jaw  (cata- 
log No.  10491). 

Locality, — Both  are  from  the  Curtis  locality, 
in  sec.  26,  T.  18  S.,  R.  21  E.,  and  were  found  in 
exhuming  a  mastodon  skeleton. 

Description.^-Length  of  upper  cheek-tooth 
series  10.5  millimeters.  Molars  relatively  wide, 
m^  and  m^  one- third  wider  than  long;  lophs 
and  valleys  simple  and  narrow;  both  posterior 
transverse  lophs  of  the  molars  completely 
united  with  protocone,  forming  a  short,  narrow 
valley  opening  outward  and  extending  inward 
not  more  than  one-half  the  width  of  the  tooth 
crown,  as  in  Cynornys.  The  anterior  trans- 
verse lophs  are  more  depressed  and  except  in 
m^  are  much  longer  than  the  other  lophs,  ex- 
tending inward  and  upward  to  disppear  in  the 
anterior  wall  of  the  protocone.  P*  differs 
from  the  anterior  two  molars  only  in  being  less 
wide  and  in  having  the  anterior  loph  relatively 
and  actually  more  extended  anteriorly. 

In  the  greater  width  of  tooth  crowns,  the  less 
extent  of  their  median  external  reentrant  val- 
leys, and  the  relative  shortness  of  the  heel  of 
the  last  molar,  this  species  suggests  Cynomys, 


122 


SHORTER  CONTRIBUTIONS  TO  GENERAL  GEOLOGY,  1922. 


but  it  diflFers  from  species  of  that  genus  in  the 
much  more  brachyodont  tooth  crowns,  the 
greater  relative  depth  of  the  median  external 
reentrant  valleys,  and  the  incipiency,  amount- 
ing to  almost  total  absence,  of  the  posterior  re- 
entrant valleys  so  prominent  in  species  of 
Cynomya.  The  first  of  these  features  might  be 
considered  as  a  character  of  degree  only,  indi- 
cating less  advanced  specialization,  but  the 
other  two  I  consider  characters  that  denote 
relationship  with  the  living  species  of  OiteUus 
rather  than  with  those  of  the  genus  Cynomys. 
The  lower  jaw,  as  indicated  by  specimen  No. 
10491,  which  carries  the  incisor  and  the  an- 
terior two  cheek  teeth,  is  relatively  short  and 
deep,  the  incisor  narrow  and  pomted,  and  the 
cheek  teeth  relatively  wide  to  a  degree  cor- 
responding with  those  of  the  upper  series. 
This  species  compares  in  size  with  O.  evermani, 
but  it  differs  from  aU  the  living  forms  in  one  or 
more  of  the  characters  enumerated  above. 

CiteDiis  bensoni  Gidley,  n.  sp. 

Plate  XXXIV,  figures  3,  4. 

« 
Type. — ^A  first  or  second  upper  molar  of  the 

right  side  and  a  last  upper  molar  of  the  left 

side  (catalog  No.  10531,  U.  S.  Nat.  Mus.). 

Paratope. — ^The  cheek-tooth  series  of  a  left 
lower  jaw  (catalog  No.  10532,  U.  S.  Nat.  Mus.). 

Locality. — Both  from  the  Benson  locality. 

Description. — Length  of  cheek-tooth  series 
(estimated  from  measurements  of  the  para- 
type),  10.3  millimeters;  upper  molar  of  about 
the  same  proportion  as  the  corresponding  one 
of  C.  cochisei  at  the  base  but  much  narrower 
at  the  smnmit,  owing  to  the  greater  slope  of  the 
inner  wall  of  the  protocone;  the  three  trans- 
verse lophs  about  equal  in  length,  the  posterior 
one  being  broken  up  into  two  distinct  but 
slightly  joined  cuspules,  the  inner  one  of  which 
is  a  rounded  cone  entirely  disconnected  from 
the  protocone. 

An  upper  m'  which  I  associate  with  the  type 
specimen,  like  that  of  C.  cocJiiseiy  has  a  rela- 
tively small  heel  portion  as  compared  with 
living  species,  and  in  addition  there  is  a  well- 
defined  isolated  cone-shaped  cuspule  near  the 
center  of  the  posterior  basin. 

This  species  seems  to  approach  C.  heecheyi 
much  more  closely  than  any  other  living  spe- 
cies but  differs  from  it  in  a  few  apparently 
important    particulars.     In    C.    beecheyi    the 


crowns  of  the  upper  molars  are  relatively  nar- 
rower than  in  the  fossil  species,  being  nearly 
as  long  as  wide;  the  lingual  wall  of  the  proto- 
cone is  less  sloping,  and  the  exterior  or  buccal 
face  of  this  cusp  is  much  more  sloping.  Other 
differences  noted  in  the  living  species  are  the 
generally  less  broken  up  condition  of  the  pos- 
terior transverse  lophs;  the  somewhat  shal- 
lower transverse  valleys,  the  posterior  one  of 
which  usually  has  a  small  cuspule  at  its  external 
entrance;  and  the  relatively  broader  and  less 
completely  inclosed  posterior  valley  of  the  last 
upper  molar. 

Beyond  the  fact  that  the  last  lower  molar^ 
Uke  the  upper,  is  relatively  smaller,  and  the 
valleys  and  cusps  are  somewhat  more  sharply 
defined  than  in  C.  heecheyi,  there  is  little  to 
distinguish  between  the  lower  cheek  teeth  of 
that  species  and  C.  hensoni. 

Family  GEOMYIDAE. 

Three  new  species  referable  to  two  living- 
genera  of  geomids  are  represented  in  the  col- 
lection. 

Geomys  iiarvideiis  Gidley,  n.  sp. 

Plate  XXXIV,  figures  5,  6. 

Type. — ^The  anterior  portion  of  a  skull  car- 
rying the  incisors  and  all  the  cheek  teeth  except 
the  first  and  last  of  the  right  side  (catalog  No. 

10492,  U.  S.  Nat.  Mus.). 

Paratype. — Portion  of-  the  right  lower  jaw 
carrying  all  the  teeth  except  m'  (catalog  No. 

10493,  U.  S.  Nat.  Mus.). 

Locality. — Both  from  the  Curtis  locality. 

Description.— Jjength  of  upper  cheek-tooth 
series  5.5  millimeters;  width  across  first  upper 
molars  (measured  to  outer  borders)  6.7  rnilh- 
meters;  size  small,  about  the  same  as  that  of 
Geomys  texensis;  rostrum  relatively  short  and 
heavy;  incisors  with  two  very  unequal  grooves, 
the  smaller  one  close  to  the  inner  border  of  the 
crown,  the  larger  one  almost  exactly  bisecting 
its  anterior  face,  making  the  outer  of  the  three 
ridges  thus  formed  slightly  but  definitely  lai^est; 
the  cheek  teeth  are  relatively  small  and  not 
greatly  expanded  laterally,  m*  and  m'  being 
almost  evenly  elliptical  in  outline  but  with  the 
outer  edges  slightly  compressed;  p*  with  an- 
terior lobe  decidedly  smaller  and  less  laterally 
expanded  than  the  posterior  one;  m*  as  wide 
as  long,  subtriangular,  relatively  small. 

Besides  being  about  equal  in  size  to  O.  tex- 
ensis, 0.  parvidens  is  almost  identical  with  that 
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species  in  the  chaxacter  of  the  incisors,  but  it 
diflfers  from  6,  texensis  and  the  other  living 
species  of  the  genus  in  general  in  the  less  lateral 
expansion  of  the  cheek  teeth,  the  shorter  and 
deeper  rostrum,  and  the  less  progressive  char- 
acter of  p*. 

The  lower  jaw  referred  to  this  species  is 
relatively  short,  with  prominent*  masseteric 
ridge  and  the  submental  foramina  lying  almost 
directly  imder  the  anterior  end  of  the  masseteric 
ridge.  The  anterior  lobe  of  p^  is  relatively 
small  and  subcircular,  with  the  walls  very  little 
flattened. 

Geomys  minor  Gidley,  n.  sp. 
Plate  XXXIV,  figures  7,  8. 

Type. — ^Portion  of  a  right  lower  jaw  lacking 
the  last  molar  (catalog  No.  10494,  U.  S.  Nat. 
Mus.) . 

Paratype. — ^A  right  upper  incisor  (catalog 
No.  10534,  U.  S.  Nat.  Mus.). 

Locality, — ^Both  from  the  Benson  locality. 

Description. — Length  of  cheek-tooth  series 
(estimated)  5.4  millimeters;  the  jaw  is  slightly 
smaller  than  that  of  6.  parvidens  and  diBfers 
from  it  otherwise  in  having  the  anterior  masse- 
teric area  more  depressed,  the  submental 
foramen  slightly  farther  back  in  position,  the 
cheek  teeth  relatively  larger,  and  the  anterior 
lobe  of  p4  more  nearly  circular  in  outline;  no 
anterior  fossa  between  cheek  teeth  and  coronoid 
process. 

An  associated  upper  incisor  tooth  is  of  appro- 
priate size  for  the  species  It  shows  the  charac- 
teristic grooving  of  a  true  Geomys,  and  it  is 
this  fact  which  has  determined  the  generic 
reference  of  0.  minor. 

Cratogeomys  bensoni  Gidley,  n.  sp. 

Plate  XXXIV,  figures  9-11. 

Type. — ^A  portion  of  a  left  lower  jaw  carrying 
all  teeth  (incisors  broken)  (catalog  No.  10495, 
U.  S.  Nat.  Mus.). 

Paratype. — ^An  upper  incisor  (catalog  No. 
10496,  U.S.  Nat.  Mus.). 

Locality. — ^Benson  locality.  The  species  is 
represented  by  four  other  pieces  of  the  lower 
jaws  from  the  same  locality. 

Description. — Length  of  cheek-tooth  series  8 
millimeters  (measured  at  simmiits  of  teeth). 
About  the*  size  of  the  living  species  Geomys 
breviceps;  cheek  teeth  not  greatly  compressed; 


p*  with  outer  reentrant  angle  rather  widely 
V-shaped,  the  inner  one  forming  a  distinct  U ; 
posterior  wall  of  last  molar  in  the  type  specimen 
with  two  distinct  and  two  faint  parallel  longi- 
tudinal grooves  forming  three  low  but  distinct 
closely  grouped  median  longitudinal  enamel 
ridges. 

This  species  differs  from  all  living  species  of 
geomids  examined  in  having  the  area  of  the 
anterior  portion  of  the  masseteric  ridge  more 
depressed  and  in  the  position  of  the  anterior 
submental  foramen,  which  is  nearly  as  in  the 
two  above-described  species  of  Geomys.  In 
living  species  this  foramen  is  anterior  to  the 
masseteric  ridge  and  nearly  level  with  it.  In 
the  fossil  species  it  is  lower  and  more  posterior 
in  position,  lying  almost  directly  under  the 
anterior  extremity  of  the  masseteric  ridge. 
There  is  also  between  the  cheek  teeth  and  the 
anterior  border  of  the  coronoid  process  in  C. 
bensoni  a  narrow  but  distinctly  marked  longi- 
tudinal fossa. 

This  species  is  referred  to  Cratogeomys  on  the 
evidence  of  an  associated  upper  incisor  of  appro- 
priate size  which  has  the  single  groove  charac- 
teristic of  this  genus. 

Dipodomys  minor  Gidley,  n.  sp. 

Plate  XXXIV,  figure  16 

Type. — ^A  nearly  complete  right  lower  jaw 
containing  the  incisor  and  the  first  cheek  tooth 
(catalog  No.  10499,  U.  S.  Nat.  Mus.). 

Locality. — Benson  locality. 

Description. — ^Length  of  cheek-tooth  row, 
measured  from  extreme  borders  of  the  alveoli, 
4.7  millimeters;  size  and  general  jaw  characters 
about  as  in  the  living  species  Perodipus  chap- 
mxinij  differing  only  in  its  more  slender  pro- 
portions and  in  the  somewhat  more  reduced 
condition  of  the  coronoid  process.  The  fourth 
lower  premolar,  the  only  one  of  the  cheek-teeth 
series  present,  is  a  long  crowned  and  anteriorly 
curved  tooth  which  is  double-lobed,  the  ante- 
rior lobe  having  an  anterior  reentrant  angle  as 
in  P.  chapmani,  but  this  tooth  differs  from  the 
tooth  of  that  species  in  having  the  posterior 
lobe  relatively  wider.  Also  the  alveolus  of  the 
last  molar  is  only  about  one-half  the  width  of 
that  of  the  other  molars,  indicating  that  this 
tooth  is  relatively  more  reduced  than  in  the 
living  species. 
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Family  MTJSIDAE. 

The  family  Muridae  is  rather  abundantly 
represented  at  both  localities.  The  12  deter- 
minable species  are  distributed  among  three 
subfamilies,  10  belonging  to  the  Cricetinae,  1 
to  the  Microtinae,  and  1  to  the  Neotomeniae. 

Genus  PEBOMTSCITS. 

Specimens  found  at  the  Benson  locality  are 
referable  to  three  species  of  Peromyscus,  Two 
of  these  are  new,  although  one  is  apparently 
closely  related  to  the  P.  taylori  group.  The 
other  new  species  is  more  distinctive.  The 
third,  represented  by  a  single  lower  jaw  lack- 
ing the  cheek  teeth,  has  not  been  determmed. 

Peromyscos  brachygnathus  Gidley,  n.  sp. 

Plate  XXXIV,  figure  12. 

Type. — ^The  greater  portion  of  a  right  lower 
jaw  carrying  all  the  teeth  (catalog  No.  10501, 
U.  S.  Nat.  Mus.). 

Locality. — Curtis  locality. 

Description. — Length  of  cheek-tooth  series, 
2.8  millimeters;  about  the  size  of  P.  taylori; 
jaw  relatively  short  anterior  to  cheek  teeth; 
last  molar  very  much  reduced,  as  much  as  in 
any  living  species  of  OnycTwmys.  The  teeth 
are  too  much  worn  to  determine  accurately 
their  normal  height  in  unworn  condition,  but 
they  appear  to  be  of  the  depressed  type  of  P. 
taylori. 

The  form  and  position  of  the  anterior  exten- 
sion of  the  masseteric  ridge,  the  general  charac- 
ter of  the  coronoid  region,  and  the  relatively 
broadly  expanded  anterior  lobe  of  the  anterior 
cheek  tooth  seem  to  determine  the  generic  ref- 
erence of  this  species,  but  it  diflFers  from  all 
living  species  of  the  genus  in  the  relatively 
short  jaw  and  the  greater  reduction  of  the  last 
lower  cheek  tooth,  which  seems  to  have  nearly 
or  quite  lost  its  hinder  lobe. 

Peromyscus  minimus  Gidley,  n.  sp. 

Plate  XXXIV,  figure  13. 

Type. — Portion  of  a  left  lower  jaw  carrying 
all  the  teeth  (catalog  No.  10500,  U.  S.  Nat. 
Mus.). 

Locality. — Benson  locality. 

Description. — Size  very  small, length  of  cheek- 
tooth series  2.6  millimeters;  cheek-tooth  cusps 
depressed,  with  well-marked  cingula  at  the  en- 
trance of  the  external  valley,  and  with  ten- 
dency to  inclose  the  mtemal  ones  by  an  up- 


rising of  the  inner  enamel  wall  between  the 
cusps;  anterior  lobe  of  the  first  cheek  tooth, 
P4,  relatively  narrow  but  two-cusped  at  the 
summit;  posterior  lobe  of  last  cheek  tooth 
small,  ahnost  as  much  reduced  as  in  Ony- 
chomys. 

This  species  seems  more  nearly  related  to 
P.  taylori  than  to  any  other  living  species  but 
differs  from  it  in  having  a  narrow  divided  an- 
terior lobe  of  the  first  cheek  tooth  and  a  more 
reduced  hinder  molar.  It  further  differs  from 
that  species  and  more  nearly  agrees  with  others 
of  the  genus  in  the  wider  angle  at  which  the 
coronoid  portion  of  the  ascending  ramus  di- 
verges from  the  alveolar  portion  of  the  jaw. 

P.  minimus  is  distinguished  from  P.  6ra- 
cTiygnaihus  in  that  the  jaw  is  somewhat  more 
slender  in  proportions;  the  masseteric  ridge  is 
less  advanced  forward;  the  cheek  teeth  are 
slightly  narrower;  the  anterior  lobe  of  the  first 
cheek  tooth  is  narrow  and  double  cusped,  while 
that  of  P.  bnLchygnaihtLS  is  wider  and  undivided, 
and  the  last  cheek  tooth  is  somewhat  less 
reduced. 

Peromyscos  sp. 

Plate  XXXIV,  figure  14. 

A  second  and  larger  species,  about  equaling 
Peromyscus  m.  gambdi  in  size,  is  represented  by  a 
lower  jaw  (catalog  No.  10502,  U.  S.  Nat.  Mus.) 
lacking  all  the  cheek  teeth.  Length  of  cheek- 
tooth series  as  estimated  by  measurement  of 
the  alveoli,  3.8  millimeters.  This  jaw,  in  its 
general  form  and  in  the  position  of  the  an- 
terior extremity  of  the  masseteric  ridge,  is 
sufficiently  characterized  to  make  certain  its 
generic  reference,  but  its  specific  features  can 
not  be  determined  until  the  cheek  teeth  are 
known. 

Genus  ELIGMODONTIA. 

Tlie  genus  EU(jmodonti<i,  the  living  species 
of  which  are  confined  to  the  South  .\merica 
continent,  is  represented  by  a  single  species  in 
the  fossil  collection  from  Arizona. 

Eligmodontia  arizonae  Gidley,  n.  sp. 

Plate  XXXIV,  figure  15. 

Type. — Greater  portion  of  a  left  lower  jaw- 
containing    the    complete    dentition    (catalog 
No.  10503,  U.  S.  Nat.  Mus.). 
*  Paratype. — Single  lower  jaws  of  two  other 
individuals  (catalog  Nos.  10504,  10505). 

Locality. — ^^Vll  from  Benson  locality. 
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Description. — ^Length  of  cheek-tooth  series 
3.6  millimeters;  about  the  size  of  the  living 
species  E.  margani,  but  may  be  distinguished 
from  it  by  its  relatively  greater  depth  of  jaws, 
its  decidedly  shorter  symphysis ,  and  the  less 
reduced  condition  of  the  last  molar. 

The  anterior  lobe  of  the  first  cheek  tooth  is 
distinctly  notched  by  an  anterior  median  re- 
entrant angle,  as  is  usual  in  PeromyscuSj  where- 
as in  the  living  species  of  EligmodorUia  this 
lobe  is  usually  evenly  convex  in  front.  The 
fossil  species  from  Arizona,  however,  is  readily 
distinguished  from  Peromyscus  by  the  char- 
acters which  ally  it  to  Eligmodontiay  namely, 
by  the  form  and  position  of  the  masseteric 
ridge,  which  extends  forward  to  the  extreme 
anterior  border  of  the  cheek-tooth  series;  by 
the  form  and  situation  of  the  capsular  process 
for  the  reception  of  the  base  of  the  incisor, 
which  is  placed  high  upon  the  ascending  ramus 
and  is  marked  by  a  decided  sulcus  between  it 
and  the  coronoid;  and  by  the  form  of  the  last 
cheek  tooth,  which  in  species  of  EligmodorUia 
is  more  reduced  than  in  Peromyacua. 

Onyduunys  pedroenais  Gidley,  n.  sp. 

Plate  XXXV,  figure  1. 

Type. — ^Portion  of  a  left  lower  jaw  carrying 
the  first  and  last  cheek  teeth  (catalog  No. 
10506,  U.S.  Nat.  Mus.). 

Paraiypes. — Other  lower  jaw  portions  (cat- 
alog Nos.  10507, 10508,  U.  S.  Nat.  Mus.). 

Locality. — ^All  from  Curtis  locality. 

Description. — ^Length  of  the  cheek  teeth 
4.5  millimeters;  size  somewhat  larger  than 
0.  leu.  ruidosae,  which  it  somewhat  more 
nearly  resembles  than  any  other  living  species. 
It  further  differs  from  that  species  in  its  rela- 
tively greater  depth  of  jaw,  the  greater  degree 
to  which  the  masseteric  ridge  is  carried  for- 
ward, and  the  somewhat  less  reduced  condi- 
tion of  the  last  cheek  tooth. 

Onychomys  bensoni  Gidley,  n.  Mp. 
Plate  XXXV,  figure  3. 

Type. — Portion  of  a  right  lower  jaw  con- 
taining complete  dentition  (catalog  No.  10509, 
U.  S.  Nat.  Mus.). 

Locality. — Benson  locality. 

Description. — Length  of  cheek-tooth  series 
3.9  millimeters;  about  the  size  of  0.  torridus 
but  with  less  reduced  last  molar,  as  in  the 
larger  species  0.  leu.  midosae.  The  hinder  lobe 
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of  the  last  molar  is  less  reduced  even  than  in 
the  last-mentioned  species.  0.  hensoni  differs 
from  all  the  living  species  of  the  genus  in 
having  more  widely  open  vaUeys  and  less  con- 
spicuous lophs  in  the  molar  teeth;  a  more 
depressed  heel  on  the  last  lower  molar,  which 
is  distinctly  lower  than  the  anterior  or  triconid 
portion;  and  apparently  a  relatively  larger 
and  higher  coronoid  process. 

Sigmodon  curtlsi  Gidley,  n.  sp. 
Plate  XXXV,  figure  2. 

Type. — ^The  greater  parts  of  both  lower  jaws 
carrying  complete  dentition  (catalog  No.  10510, 
U.  S.  Nat.  Mus.). 

Paratype. — Portion  of  a  right  lower  jaw 
with  cheek  teeth  (catalog  No.  10511,  U.  S. 
Nat.  Mus.). 

Locality. — Both  from  Curtis  locality. 

Description. — Length  of  cheek-tooth  series 
7  millimeters;  about  the  size  of  S.  Mspidus 
arizonae,  which  it  seems  to  resemble  more 
nearly,  but  it  differs  from  that  as  well  as  the 
other  living  species  in  the  more  open  valleys  of 
the  reentrant  angles,  the  more  compressed 
lophs,  the  less  hypsodont  condition  of  the 
cheek  teeth,  the  relatively  deeper  posterior 
inner  reentrant  vaUey  of  p4  and  m^,  and  espe- 
cially the  form  and  proportions  of  the  cusps  of 
the  last  lower  molar,  which  is  relatively  larger, 
with  the  hinder  cusp  relatively  broader  and 
fuller  than  in  the  living  species.  A  feature 
that  is  characteristic  of  this  and  the  species 
described  below  and  is  not  observed  in  any  of 
the  living  species  is  noted  in  the  last  molar,  in 
which  the  great  extension  and  flattening  of 
the  inner  or  lingual  wall  of  the  posterior  lobe 
forms  a  sharp  right  angle  with  the  posterior 
wall  of  the  reentrant  angle  on  that  side. 

I  take  pleasure  in  naming  this  species  for 
Mr.  Milton  Curtis,  in  recognition  of  his  efficient 
assistance  in  the  field. 

Sigmodon  minor  Gidley,  n.  sp. 

Plate  XXXV,  figures  4,  5. 

Type. — Portion  of  a  left  lower  jaw  carrying 
the  complete  dentition  (catalog  No.  10512, 
U.  S.  Nat.  Mus.). 

Paratype. — Portion  of  a  left  maxillary  carry- 
ing the  anterior  two  cheek  teeth  (catdog  No. 
10513,  U.  S.  Nat.  Mus.). 

Locality. — Curtis  locality.  Five  other  lower- 
jaw  portions,   most  of  them  with    complete 
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dentition  (catalog  Nos.  10514  to  10518),  are 
also  referable  to  this  species. 

Description, — ^Length  of  cheek-tooth  series 
4.7  millimeters;  smaller  than  S,  medius  and 
decidedly  smaller  than  any  of  the  living 
species  examined.  This  species  is  distin- 
guished from  the  living  forms  by  the  same 
characters  observed  in  5.  mediusj  except  that 
the  external  reentrant  valleys  of  the.  upper 
molars  (as  shown  by  specimen  No.  10513)  are 
of  the  normal  modem  type.  S,  minor  diflFers 
from  S.  medius  only  in  its  smaller  size,  having 
a  relatively  narrower  anterior  lower  cheek 
tooth,  in  whichj  the  anterior  lobe  is  relatively 
smaller,  with  the  adjacent  reentrant  valleys 
nearly  equal  in  length.  The  reentrant  valleys 
of  the  upper  cheek  teeth  are  obUque  to  the 
same  degree  and  of  about  the  same  propor- 
tionate depth,  but  the  molar  crowns  of  both 
the  upper  and  lower  series  are  less  hypsodont. 

Sigmodon  mediae  Gidley»  n.  sp. 

Plate  XXXV,  figures  6,  7. 

Type. — Portion  of  a  right  lower  jaw  con- 
taining the  complete  dentition  and  an  asso- 
ciated fragment  of  a  right  maxillary  carrying 
the  anterior  two  cheek  teeth,  possibly  of  the 
same  individual  (catalog  No.  10519,  U.  S. 
Nat.  Mus.) . 

Paraiypes. — Four  other  lower-jaw  portions 
(catalog  Nos.  10520  to  10523,  U.  S.  Nat.  Mus.).. 

Locality, — ^All  from  the  Benson  locality. 

Description. — ^Length  of  cheek-tooth  series  5.5 
millimeters;  somewhat  smaller  than  the  hving 
species  S.  sanctae  martae,  with  which  it  seems 
to  compare  more  nearly  than  with  other  living 
forms.  Its  resemblances  are  noted  in  the  form 
of  the  anterior  lobe  of  the  first  cheek  tooth,  in 
which  the  anterior  internal  reentrant  valley 
considerably  exceeds  the  opposing  outer  one  in 
length;  in  the  decided  angidation  of  the  poste- 
rior portion  of  the  inner  wall  of  the  last  molar; 
and  in  the  relatively  heavy  symphysis  and 
considerable  depth  of  jaw.  It  differs  from 
this  and  other  living  species  in  having  the 
cheek-tooth  crowns  slightly  less  hypsodont, 
the  reentrant  valleys  more  open,  and  the  lophs 
correspondingly  narrower,  while  there  is  present 
in  the  last  molar  a  small  but  distinct  reentrant 
notch  on  its  inner  side  opposite  the  posterior 
reentrant  valley. 

The  two  upper  cheek  teeth  show  the  same 
character  of  the  more  open  valleys  observed  in 


the  lower  cheek  teeth.  Another  difference 
noted  is  the  form  of  the  external  rreentrant 
valleys  of  these  teeth,  which  clearly  distin- 
guishes them  from  the  corresponding  teeth  of 
living  species.  The  external  reentrant  valleys, 
instead  of  being  straight,  open  directly  out- 
ward, while  their  inner  portions  bend  backward, 
forming  a  decided  angle  in  their  posterior 
enamel  walls.  In  the  living  species  these  val- 
leys run  obliquely  forward  and  outward  in  a 
nearly  straight  or  but  slightly  curved  line. 

Two  other  lower  jaws  in  the  collection  (Nos. 
10521  and  10522)  differ  slightly  in  minor  char- 
acters from  the  type  but  are  here  referred  to 
this  species.  These  differences,  which  consist 
wholly  in  a  somewhat  smaller  size  and  a  less 
proportionate  depth  of  jaw,  correspond  to 
differences  observed  between  males  an  females 
of  the  living  species  S.  sanctae  martae.  I 
therefore  assume  that  the  type  specimen  and 
specimen  No.  10520,  which  agrees  with  it  in 
every  particidar,  represent  males,  while  the 
smaller  jaws  just  mentioned  represent  females 
of  the  species. 

Neotoma  fossiUs  Gidley,  n.  8|k 

Plate  XXXV,  figuree  8-10. 

Type.— Portion  of  a  right  maxillary  carrying 
the  anterior  cheek  tooth  and  the  alveoli  for 
middle  cheek  tooth  (catalog  No.  10524,  U.  S. 
Nat.  Mus.). 

Paraiypes. — Portion  of  a  left  lower  jaw  carry- 
ing the  incisor  and  alveoli  for  the  cheek  teeth, 
and  two  right  lower  cheek  teeth  (catalog  Nos. 
10525  and  10526,  U.  S.  Nat.  Mus.). 

Locality. — Benson  locahty. 

Description. — Length  of  anterior  cheek  tooth 
3,2  miUimeters;  width  2.2  millimeters;  about 
the  size  of  N.  intermedia  gilva.  The  following 
characters  distinguished  this  from  all  living 
species:  First  upper  cheek  tooth  relatively 
short  and  wide;  no  indication  of  an  anterior 
internal  reentrant  valley;  posterior  internal 
reentrant  valley  nearly  as  long  as  the  the  ex- 
ternal one;  posterior  notch  of  anterior  palatial 
opening  opposite  the  anterior  root  of  the  first 
cheek  tooth. 

The  two  lower  teeth  referred  to  this  species 
also  show  distinctive  characters.  The  ante- 
rior one  (p^)  is  entirely  devoid  of  the  anterior 
reentrant  valley  so  prominent  in  such  a  form  as 
N.  cinera,  and  both  these  teeth  are  Uke  the 
!  corresponding  ones  of  this  species  in  having  the 
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posterior  external  reentrant  valleys  pitted  in  a 
way  to  form  a  nearly  circular  enamel  lake  in 
well-worn  teeth.  These  lower  teeth  differ  from 
those  of  all  living  species  in  having  the  main 
cross  lophs  directed  somewhat  obUquely  in- 
ward and  backward  instead  of  squarely  across 
the  long  axis  of  the  tooth. 

The  lower-jaw  specimen  shows  nothing  pecu- 
liar except  that  the  capsular  bulb  at  the  base  of 
the  incisor  is  somewhat  less  prominent  than  is 
usual  in  the  living  species. 

Neofiber  sp. 
Plate  XXXV,  figure  14. 

A  nearly  complete  cheek  tooth,  apparently 
the  left  upper  middle  one,  from  the  Curtis 
locality  (catalog  No.  10527,  U.  S.  Nat.  Mus.), 
seems  to  represent  the  genus  Neofiber.  It  is 
slightly  smaller  than  the  corresponding  tooth  of 
Neofiher  aUeniy  with  which  I  compared  it,  but 
has  all  its  characteristics.  Except  the  slight 
variation  in  size,  they  differ  only  in  that  the 
base  of  the  fossil  tooth  is  closed  by  the  forma- 
tion of  rootlets,  whereas  the  specimens  of  the 
living  species  examined  seemed  to  indicate 
growth  from  a  persistent  pulp.  However,  this 
difference  may  be,  in  part,  at  least,  an  age 
character,  as  in  the  closely  related  genus  On- 
datra, in  which  both  conditions  are  found  on 
examining  a  niunber  of  specimens  of  various 
ages. 

Order  LAGOMOBPHA. 

Four  species  of  Lagomorpha  are  represented 
in  the  collection,  three  from  the  Benson  locaUty 
and  one  from  the  Curtis  locality.  They  seem 
not  to  be  referable  to  any  living  species,  but  the 
material  representing  them  is  too  fragmentary 
to  warrant  any  attempt  at  diagnostic  descrip- 
tions. 

Species  No.  1. 
Plate  XXXV,  figure  15. 

Represented  by  a  portion  of  a  left  lower  jaw 
carrying  P4,  m^,  m,  (broken),  and  the  alveoli 
for  the  other  two  cheek  teeth  and  the  incisor, 
from  the  Benson  locality  (catalog  No.  10530, 
U.  S.  Nat.  Mus.).  This  specimen  represents  a 
species  about  the  size  of  Lepus  campestris,  or 
shghtly  smaller,  and  it  agrees  with  that  species 
rather  closely  both  in  jaw  and  tooth  characters. 


Specie8No.2. 
Plate  XXXV,  figure  11. 

Represented  by  two  upper  incisors  (broken), 
a  first  lower  cheek  tooth  of  the  left  side,  and  a 
median  lower  cheek  tooth  of  the  left  side,  from 
the  Benson  locality  (catalog  No.  10529,  U.  S. 
Nat.  Mus.). 

These  teeth  represent  a  small  species  about 
the  size  of  SylvUagiLS  aud.  arizonae  or  Brachy- 
lagus  iddhoensis.  However,  there  are  some 
peculiarities  in  one  or  another  of  all  these  teeth 
that  make  uncertain  their  definite  reference  to 
either  of  these  living  genera.  The  incisors  are 
of  a  type  to  fit  in  with  either  genus,  although 
there  is  not  quite  the  difference  in  relative  size 
of  the  two  lobes  formed  by  the  anterior  longitu- 
dinal groove.  In  the  molar  tooth  the  posterior 
lobe  is  about  intermediate  in  relative  size  be- 
between  that  of  S.  and.  arizonae  and  B.  idaJu)- 
ensisj  and  both  lobes  are  somewhat  less  laterally 
expanded  and  less  sharply  angulate  than  in 
either  of  these  species.  The  anterior  lower  cheek 
tooth,  which  is  of  the  right  side,  is  peculiar  and 
differs  from  that  of  any  living  species  that  has 
come  under  my  observation.  It  is  of  the  same 
general  form  as  that  of  S,  aud.  arizonae  but  is 
proportionately  a  little  wider,  being  nearly  as 
wide  as  long,  and  is  void  of  any  reentrant  angles 
except  the  normal  two  outer  ones.  Moreover, 
the  posterior  one  of  these  extends  but  little 
more  than  halfway  across  the  tooth.  In  all 
living  forms  examined  this  reentrant  either 
extends  entirely  across  to  the  inner  wall  of  the 
tooth  or  meets  an  opposing  reentrant  from  the 
inner  side. 

Spedes  No.  3. 

Plate  XXXV,  figure  13. 

In  the  collection  from  the  Curtis  locality 
are  a  portion  of  a  right  lower  jaw  carrying  the 
anterior  two  cheek  teeth  (catalog  No.  10528, 
U.  S.  Nat.  Mus.)  and  a  lower  right  anterior  tooth 
of  a  second  individual,  which  represent  a  species 
about  the  size  of  Lepus  californicus  erennicus, 
or  somewhat  smaller.  The  fossil  species 
seems  to  differ  from  the  latter,  however,  in  the 
proportions  of  all  the  tooth  lobes  which  are 
somewhat  narrower  and  in  having  the  anterior 
lobe  of  the  first  cheek  and  tooth  set  farther  in- 
ward, so  that  thereentrant  valley  faces  decidedly 
forward  and  outward,  instead  of  almost  directly 
outward,  as  in  the  living  species. 
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Cf.  Lepiis  sp. 
Plate  XXXV,  figure  12. 

A  fourth  species  of  Lagomorpha  (catalog 
No.  10535,  U.  S.  Nat.  Mus.)  is  represented  in 
the  material  from  the  Benson  locality  by  the 
two  incisors  of  the  right  side  in  a  fragment  of 
the  premaxillary.  It  differs  from  the  others 
in  having  an  unusually  high  iimer  ridge  on  the 
lai^e  incisor.  In  fact,  the  tooth  is  remarkable 
in  that  the  plane  of  its  upper  face  is  very  oblique 
to  the  perpendicular  plane  of  the  skull,  as 
in  Ochotona,  but  the  plane  of  its  lower  surfaces 


is  nearly  at  right  angles  to  the  perpendicular 
median  plane  of  the  skull,  as  in  the  true  rabbits, 
and  its  smnmit  has  the  characteristic  wear  of  a 
short  anterior  chisel  point  and  posterior  ledge 
or  shelf  observed  in  all  species  of  rabbits  but  not 
found  in  the  Pica  group.  The  longitudinal 
enamel  groove  is  fiUed  with  cement,  but  this 
feature  has  not  even  a  generic  significance. 
As  this  form  of  incisor  is  suggested  in  some 
degree  in  certain  species  of  LepuSj  as  L, 
ftiamensisy  I  regard  the  fossil  specimen  as  belong- 
ing to  that  genus. 


PLATES  XXXIV-XXXV. 
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PL.\TE  XXXIV. 

[All  figures  about  twice  natural  size.] 

Page. 

Figure  1.  Citellus  cockisei  Gidley,  n.  sp.    Type.    Upper  cheek  teeth  of  right  side,  crown  view.    No.  10490, 

U.S.  Nat.  Mus 121 

2.  CiUllus  cochisei  Gidley,  n.  sp.    Portion  of  left  lower  jaw,  tooth-crown  view;  2a,  side  view.    No. 

10491,  U.  S.  Nat.  Mus. i 121 

3.  CUellus  6frwom  Gidley,  n.  sp.    Type.    Last  left  upper  molar,  crown  view;  3a,  3b,  right  upper  molar 

probably  of  same  individual.     No.  10531,  U.  S.  Nat.  Mus 122 

4.  CiUllus  henaoni  Gidley,  n.  sp.    Lower  cheek  teeth  in  fragment  of  jaw  of  left  side,  crown  view.    No. 

10532,  U.S.  Nat.  Mus 122 

6.  Geomys  parvidens  Gidley,  n.  sp.    Type.    Anterior  portion  of  skull,  palate  view;  5a,  side  view. 

No.  10492,  U.  S.  Nat.  Mufl 122 

6.  Geomya  parvidens  Gidley,  n.  sp.    Portion  of  a  right  lower  jaw,  tooth-crown  view";  6a,  side  view.    No. 

10493,  U.S.  Nat.  Mus.. 122 

7.  Geomys  minor  Gidley,  n.  sp.    Type.    Portion  of  a  right  lower  jaw,  tooth-crown  view;  7a,  side  view. 

No.  10494,  U.S.  Nat.  Mus 123 

8.  Geomys  minor  Gidley,  n.  sp.    Upper  incisor  of  left  side,  front  view.    No.  10534,  U.  S.  Nat.  Mus. . .      123 

9.  Cratogeomya  bensoni  Gidley,  n.  sp.    Type.    Portion  of  a  left  lower  jaw,  tooth-crown  view;  9a,  side 

view.    No.  10495,  U.  S.  Nat.  Mus '. 123 

10.  Cratogeomys  bensoni  Gidley,  n.  sp.    Portion  of  a  right  lower  jaw,  tooth-crown  view;  10a,  side  view. 

No.  10497,  U.S.  Nat.  Mus 123 

11.  Cratogeomys  bensoni  Gidley,  n.  sp.    Upper  incisor  of  right  side,  front  view.    No.  10496,  U.  S.  Nat. 

Mus 123 

12.  Peromyscfos  brachygnathtis  Gidley,  n.  sp.    Type.    Portion  of  a  right  lower  jaw,  tooth-crown  view; 

12a,  side  view.    No.  10501,  U.  S.  Nat.  Mus 124 

13.  Peromyscus  minimus  Gidley,  n.  sp.    Type.    Portion  of  a  left  lower  jaw,  tooth-crown  view;  13a, 

side  view.     No.  10500,  U.  S.  Nat.  Mus 124 

14.  Peromyscus  sp.    Portion  of  a  right  lower  jaw,  side  view.    No.  10502,  U.  S.  Nat.  Mus 124 

15.  Eligmodontia  arizonae  Gidley,  n.  sp.    Type.    Greater  portion  of  a  right  lower  jaw,  crown  \iew; 

15a,  side  view.    No.  10503,  U.  S.  Nat.  Mus 124 

16.  Dipodomys  minor  Gidley,  n.  sp.    Type.    Greater  portion  of  a  right  lower  jaw,  tooth-crown  view; 

16a,  side  view.    No.  10499,  U.  S.Nat.  Mus 123 
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PLATE  XXXV. 

[All  figures  about  twico  natural  size.] 

Page. 
Figure  1.  Onychomys  pedroensis  Gidley,  n.  sp.    T>T>e.    Portion  of  a  left  lower  jaw,  tooth-crown  view;  la,  side 

view.    No.  10506,  U,  S.  Nat.  Mus 125 

2.  Sigmodon  curtisi  Gidley,  n.  sp.    Tj-pe.    Portion  of  a  right  lower  jaw,  tooth-crown  \'iew;  2a,  side 

view.    No.  10510,  U.  S.  Nat.  Mus 125 

3.  Onychomys  hensoni  Gidley,  n.  sp.    Type.     Portion  of  a  left  lower  jaw,  tooth-crown  vdew;  3a,  sido 

view.    No.  10509,  U.S.  Nat.  Mus , 125 

4.  Sigmodon  minor  Gidley,  n.  sp.    Type.    Portion  of  a  left  lower  jaw,  tooth-crown  view;  4a,  side  view. 

No.  10512,  U.S.  Nat.  Mus 126 

5.  Sigmodon  minor  Gidley,  n.  sp.     Two  anterior  cheek  teeth  in  fragment  of  left  maxillar>',  inner-fiide 

view.    No.  10513,  U.  S.  Nat.  Mus ' 126 

6.  Sigmodon  medium  Gidley,  n.  sp.     Tj'pe.     Portion  of  a  right  lower  jaw,  tooth-cro'wn  view;  6a,  side 

view.    No.  10519,  U.  S.  Nat.  Mus 126 

7.  Sigmodon  mediiLS  Gidley,  n.  sp.    Anterior  two  upper  cheek  teeth  of  right  side,  in  fragment  of  jaw, 

crown  \4ew.    No.  10519,  U.  S.  Nat.  Mus 126 

8.  Neotoma  foBsili^  Gidley,  n.  sp.    Portion  of  a  left  lower  jaw  viewed  from  above;  8a,  side  view.    No. 

10525,  U.S.  Nat.  Mus 126 

9.  Neotomxifomlis  Gidley,  n.  sp.    Type.    First  upper  cheek  tooth  of  right  side  in  fragment  of  maxillary, 

crown  view.    No.  10524,  U.  S.  Nat.  Mus 126 

10.  Neotoma/oBsilis  Gidley,  n.  sp.    Anterior  two  lower  cheek  teeth  of  right  side,  crown  view;  10a,  inner 

side  view.    No.  10526,  U.  S.  Nat.  Mus 126 

11.  cf.  Sylvilagua  sp.    Median  incisors  in  fragment  of  premaxillary,  palate  ^dew;  11a,  front  view.    No. 

10529,  U.  S.  Nat.  Mus 127 

12.  Lejms  sp.    Two  upper  incisoFS  of  right  side  in  fragment  of  premaxillary,  palate  view;  12a,  front  view. 

No.  10536,  U.  S.  Nat.  Mus 128 

13.  Lepus  sp.  cf.  L.  cali/omictis.    Anterior  two  cheek  teeth  of  right  dde  in  fragment  of  lower  jaw,  crown 

view;  13a,  outer  side  view.    No.  10528,  U.  S.  Nat.  Mub 127 

14.  Neofiher  sp.    Portion  of  a  left  upper  molar,  oblique  crown  view;  14a,  outer  side  view.    No.  10527, 

U  S.Nat.  Mus 127 

16.  Lepus  sp.    Portion  of  left  lower  jaw,  tooth-crown  view;  15a,  side  view.    No.  10630,  U.  S.  Nat.  Mus. .      127 
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REVISION  OF  THE  FLORA  OF  THE  GREEN  RIVER  FORMATION,    WITH 

DESCRIPTIONS  OF  NEW  SPECIES. 


By  F.  H.  Knowlton. 


THE  GREEN  RIVER  FORMATION. 

The  Green  River  shales,  later  known  as  the 
Green  River  formation,  were  named  and  de- 
scribed by  F.  V.  Hayden  in  1869.*  After  dis- 
cussing the  coal  and  lignite  beds  along  the 
Union  Pacific  Railroad  in  western  Wyoming, 
Hayden  says: 

A  little  east  of  Rock  Spring  station  a  new  group  com- 
mences composed  of  thinly  laminated  chalky  shales,  which 
I  have  called  the  Green  River  shales,  because  they  are 
best  displayed  along  Green  River.  They  are  evidently 
of  purely  fresh-water  origin  and  of  middle  Tertiary  age. 
The  layers  are  nearly  horizontal  and,  as  shown  in  the  A'alley 
of  Green  River,  present  a  peculiarly  banded  appearance. 
When  carefully  studied  these  shales  will  form  one  of  the 
most  interesting  groups  in  the  West.  The  flora  is  already 
very  extensive,  and  the  fauna  consists  of  Melanias,  Cor- 
bulas,  and  vast  quantities  of  fresh- water  fishes.  There 
are  also  nimierous  insects  and  other  small  undetermined 
fossils  in  the  asphaltic  slates.  One  of  the  marked  features 
of  this  group  is  the  great  amount  of  combustible  or  petro- 
leum shales,  some  portions  of  which  bum  with  great  readi- 
ness and  have  been  used  for  fuel  in  stoves. 

The  decade  that  followed  the  naming  and  de- 
fining of  the  Green  River  shales  as  a  forma- 
tional  unit  by  Hayden  was  one  of  increased 
geologic  study  in  the  West,  with  the  result  that 
these  beds  were  recognized  and  more  or  less 
fully  described  at  a  number  of  widely  separated 
points.  Thus  Peale '  recognized  the  Green 
River  group,  as  he  called  it,  between  Grand 
(now  Colorado)  and  Gunnison  rivers  in  Colo- 
rado; Powell'  noted  it  along  the  northern  foot- 
hills of  the  Uinta  Mountains,  distinguishing  a 
"Lower"  and  ''Upper''  Green  River;  Em- 
mons/ who  was  connected  with  the  Fortieth 
Parallel  Survey,  described  it  very  fully  for  the 
Green  River  Basin ;  Peale  '  found  it  along  the 

»  U.  8.  Geol.  Survey  Terr.  Third  Ann.  Rept.  (reprint,  1873),  p.  190. 
»  Peale,  A.  C,  U.  S.  Oeol.  and  Geog.  Survey  Terr.  Ann.  Rept.  for  1874, 
pp.  147, 156-158, 1876. 

*  Powell,  J.  W.,  Geology  of  the  Uinta  Mountains,  pp.  40,  45, 166, 167, 
1876. 

«  Emmons,  S.  F.,  U.  S.  Expl.  40th  Par.  Rept.,  vol.  2,  pp.  203, 240, 1877. 

*  Peale,  A.  C,  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann.  Rept.  for  1876, 
p.  184, 1878. 


Book  Cliflfs  in  western  Colorado;  White  •  studied 
it  in  western  Colorado  and  eastern  Utah;  End- 
lich  ^  described  its  occurrence  along  White 
River  in  western  Colorado  and  south  of  the 
Wind  River  Mountains  in  Wyoming ;  *  and  Peale* 
noted  it  in  the  northern  and  western  parts  of 
the  Green  River  Basin. 

One  of  the  most  complete  of  the  earlier  ac- 
counts of  the  Green  River  formation  is  that 
given  by  Emmons "  in  his  description  of  the 
Green  River  Basin.  Three  Tertiary  forma- 
tions— or  ''series,"  as  they  were  then  called — 
were  recognized,  the  oldest  of  which  was  the 
Wasatch  formation  (nearly  the  same  as  the 
"  VermiUion  Creek  group ''  of  King  and  the 
upper  part  of  the  "Bitter  Creek  series"  of 
Powell).  Above  this,  without  apparent  dis- 
cordance, was  the  Green  River  formation, 
which  in  turn  was  overlain  by  the  Bridger 
formation. 

The  Green  River  beds  were  described  by 
Emmons  as  follows: 

The  beds  of  the  Green  River  series  contrast  with  those 
of  the  other  two  groups  by  the  relative  prevalence  of 
calcareous  material  and  the  fineness  of  their  sediments. 
They  were  deposited  in  quiet,  probably  deeper  waters 
and  perhaps  during  the  time  that  erosion  was  wearing 
away  the  limestones  of  the  Upper  Coal  Measures.  They 
consist  of  a  lower  series  of  calcareous  sandstones  and 
impure  limestones,  containing  some  lignite  seams,  over- 
lain by  a  great  thickness  of  remarkably  fissile  calcareous 
shales  abounding  in  remains  of  fish  and  insects,  which 
reach  an  aggregate  thickness  of  about  2,000  feet  and  are 
characterized  throughout  by  their  prevailing  white  color. 
The  extent  of  the  sea  in  which  these  beds  were  deposited 
was  somewhat  less  than  that  of  the  previous  period,  a 
strip  of  land  having  been  elevated  above  its  level  along 
the  flanks  of  the  Wasatch,  and  probably  also  a  narrower 
strip  along  the  shores  of  the  Park  Range;  its  beds,  how- 
ever, were  deposited  continuously  over  the  ridge  of  Ver- 
million Creek  Wasatch  beds,  between  the  Bitter  Creek 

«  White,  C.  A.,  idem,  pp.  l»-35. 
»  Endllch,  F.  M.,idem,  p.  111. 
>  Idem  for  1877,  p.  130, 1879. 
•  Peale,  A.  C,  idem,  p.  525. 

10  Emmons,  S.  F.,  U.  S.  Expl.  40tli  Par.  Rept.,  vol.  2,  pp.  203, 240, 
etc.,  1877. 
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Cretaceous  uplift  and  the  Archean  body  of  Red  Creek, 
and  also  connected,  through  the  low  gap  of  the  White 
River  divide,  at  the  eastern  end  of  the  Uinta  Range,  with 
the  region  to  the  south,  in  which  beds  corresponding  to 
these  and  to  the  Bridger  beds  h^ve  been  recognized, 
although  their  direct  connection  has  hot  yet  been  traced. 

It  is  not  within  the  scope  of  the  present 
paper  to  give  a  complete  review  of  the  litera- 
ture relating  to  the  Green  River  formation, 
but  simply  enough  to  show  its  areal  distribu- 
tion and  physical  characteristics  that  may 
serve  as  a  setting  for  the  discussion  of  its  flora 
and  fauna.  From  data  obtained  within  the 
first  dozen  years  after  it  was  formally  recog- 
nized by  Hayden  and  abimdantly  confirmed 
by  subsequent  investigators,  the  Green  River 
formation  is  known  to  extend  from  the  head- 
water region  of  Green  River  in  the  Wind  River 
Mountains,  Wyo.,  southward  to  Grand  Mesa, 
between  Colorado  and  Gunnison  rivers,  Colo., 
a  distance  of  approximately  300  miles.  The 
western  limit  of  the  formation  is  rather  sharply 
defined,  for  it  abuts  on  the  eastern  foothills  of 
the  Wasatch  Mountains.  The  eastern  limits, 
however,  are  less  sharp.  Emmons  expressed 
the  opinion  that  the  formation  origintdly  ex- 
tended to  the  western  slopes  of  the  Park  Range, 
but  the  evidence  for  this  opinion  is  not  con- 
clusive. The  Green  River  formation  was  not 
recognized  by  E.  E.  Smith"  in  his  study  of  the 
eastern  part  of  the  Great  Divide  coal  field, 
though  the  Wasatch  formation,  with  thick- 
nesses ranging  between  900  and  1,800  feet,  is 
present  there,  nor  was  it  definitely  identified 
by  M.  W.  Ball^'  in  his  study  of  the  western 
part  of  the  Little  Snake  River  coal  field, 
though  it  may  be  represented  in  some  un- 
differentiated beds  above  the  Wasatch  forma- 
tion. The  Green  River  formation  is  said  by 
A.  R.  Schultz*'  to  extend  over  the  north  end  of 
the  Rock  Springs  uplift  and  out  into  the  Red 
Desert  to  a  point  about  20  miles  southeast  of 
the  Antelope  Hills.  It  is  also  present  at  the 
south  end  of  the  Rock  Springs  uplift,  along  the 
divide  between  Sage  and  Red  creeks.  It  thus 
appears  that  in  all  probability  these  beds  once 
covered  a  large  part  of  the  Great  Divide  Basin 
and  the  Red  Desert  but  were  later  removed 
by  erosion*  In  any  event,  it  seems  fairly  well 
established  that  the  maximum  width  of  the 
area  once  covered  in  whole  or  in  part  by  the 

"  U.  S.  Qeol.  Survey  BuU.  341,  p.  230, 1909. 

u  Idem,  p.  243. 

"U.S.  Qeol.  Survey  Bull.  702.  p.  24, 1920. 


Green  River  formation  was  Uttle  if  any  less 
than  150  miles. 

As  already  mentioned,  Powell  divided  the 
Green  River  formation  into  a  "Lower  Green 
River"  and  an  "Upper  Green  River."  The 
latest  report  in  which  these  beds  are  discussed 
is  that  by  A.  R.  Schultz  "  on  the  area  around 
the  Rock  Springs  uplift,  in  Sweetwater  County, 
Wyo.  Schultz  recognizes  four  members  of  the 
Green  River  formation,  which  in  ascending 
order  are  as  follows:  (1)  Tipton  shale  member, 
consisting  of  fissile  shale,  conglomerate,  oolitic 
limestone,  shale,  clay,  and  sandstone;  (2) 
Cathedral  Bluffs  red-beds  member,  composed 
of  red  or  varicolored  conglomeratic  sandstone, 
shale,  and  clay;  (3)  Laney  shale  member,  made 
up  of  white  and  green  fissile  shale,  limestone, 
and  sandstone,  "similar  to  those  so  character- 
istic of  the  lower  member  or  Tipton  shale  of 
the  Green  River  in  this  part  of  the  field  and 
to  the  entire  Green  River  formation  in  other 
parts  of  the  Green  River  Basin;"  (4)  "Tower 
sandstone"  and  plant  beds  of  Powell,  which 
consist  of  massive,  regularly  bedded  sandstone, 
sandy  limestone,  and  shale. 

Just  how  far  these  proposed  subdivisions  of 
the  Green  River  formation  can  be  recognized 
in  other  parts  of  the  vast  area  over  which  it 
extends  is  not  now  known,  though  some  sub- 
division is  undoubtedly  possible.  The  earliest 
known  and  most  thoroughly  exploited  of  the 
plant-bearing  beds  are  along  the  Union  Pacific 
Railroad  2  or  3  miles  west  of  the  town  of  Green 
River,  where,  according  to  Hayden,  Ward,  and 
others,  they  occur  about  100  feet  above  the 
fish  beds.  This  places  their  position  some 
himdreds  of  feet  below  the  "  Tower  sandstone" 
that  is  so  well  exposed  at  the  town  of  Green 
River.  Powell  and  others  who  have  followed 
him  seem  to  be  in  error  in  speaking  of  the  plant 
beds  as  overlying  the  "Tower  sandstone." 

It  seems  rather  remarkable,  in  view  of  the 
thickness  and  areal  extent  of  the  Green  River 
formation,  that  it  has  been  foimd  to  be  fossil- 
iferous  at  so  few  localities.  Endlich  remarked 
on  this  pecuUarity  many  years  ago,  pointing 
out  that  it  was  possible  to  follow  these  beds 
for  miles  without  finding  a  trace  of  animal  or 
plant  Ufe.  There  is  such  an  area  north  of 
Rock  Springs,  Wyo.,  where  beds  hundreds  of 
feet  in  thickness  are  seemingly  well  fitted  to 
preserve  any  forms  of  life  that  may  have  been 

^*  Idem,  PP.24--31. 
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present  in  the  region,  and  yet  ao  far  as  known 
they  are  absolutely  barren  of  fossils.  The 
suggestion  that  these  beds  may  have  been 
deposited  in  deep  water  far  from  shore  does 
not  fully  explain  their  barrenness,  for  even  if 
they  were  it  would  seem  that  they  should  con- 
tain a  few  specimens. 

So  far  as  now.known  the  first  fossil  form  from 
the  Green  River  formation  to  be  brought  to 
scientific  attention  was  a  small  herring-like 
fish  described  by  Joseph  Leidy  "  in  1856,  under 
the  name  Clupea  humUiSy  later  changed  to 
Diplomystus  humUis.  It  was  collected  by  Dr. 
John  Evans,  who  visited  the  Rocky  Mountain 
region  in  1849  and  1856,  from  the  so-called 
fish  beds  near  the  town  of  Green  River  and  was 
the  forerunner  of  thousands  of  wonderfully 
preserved  fish  remains  that  have  since  been 
found. 

As  already  stated,  Hayden  named  the  Green 
River  formation  in  1869,  and  at  that  time  he 
mentioned  the  presence  of  "  an  extensive  flora,'' 
but  it  is  not  a  matter  of  record  that  he  brought 
actual  specimens  to  Washington.  However, 
Hayden  again  visited  the  plant  and  fish  beds 
near  Green  River  during  the  summer  of  1870, 
writing  as  follows: *• 

About  a  mile  west  of  the  "petrified  fish  bed''  is  a  cut 
along  the  railroad  which  i>asBe8  through  a  moderate  thick- 
ness of  buff  chalky  limestones,  fiUed  with  impressions  of 
leaves  of  deciduous  plants. 

These  plants  were  submitted  to  J.  S.  New- 
berry, and  his  preliminary  report  in  the  form  of 
a  letter  was  published  by  Hayden  in  the  report 
cited.  The  collection  comprised  only  about 
half  a  dozen  forms  sufficiently  well  preserved 
to  be  capable  of  identification,  and  of  these  he 
wrote  as  follows : 

Among  them  I  find  two  palms,  both  quit«  unlike  any- 
thing before  found  on  this  continent.  One  is  a  new  Phoe- 
rtieiUa,  resembling  Heer*s .  Manicaria  formosa;  the  other 
but  an  imperfect  fragment,  yet  altogether  new  and  strange 
to  me.  The  most  abundant  species  contained  in  the  col- 
lection is  a  Magnolia^  allied  to  M,  tenuinervis  Lesquereux 
but  more  elongate  and  acute;  also  an  oak  resembling 
Quercus  saffordi  of  Lesquereux.  There  is  another  oak  in 
the  collection,  a  laurel  (probably),  and  fragments  of  two 
ferns,  too  imperfect  for  determination. 

This  accoimt  of  the  Green  River  flora,  al- 
though relatively  imimportant,  is  so  far  as 
known  the  first  one  published. 

u  Philadelphia  Acad.  Nat.  Sci.  Proc.,  vol.  8,  p.  256, 1856. 

w  Hayden,  F.  V.,  U.  8.  Oeol.  Survey  Wyoming  Prelim.  Kept.,  p.  143, 


On  his  way  back  from  the  field  in  1870  Hay- 
den passed  over  the  old  overland  stage  route, 
which  follows  Bitter  Creek  nearly  to  its  head, 
crosses  the  Red  Desert,  and  thence  goes 
through  Bridger  Pass  to  the  Laramie  Plains. 

THB  OIL  SHALE  AND  ITS  MICROSCOPIC  FLORA 
AND  THE  BEARING  OF  THE  FLORA  ON  THE 
ORIGIN  OF  THE  SHALE  OIL. 

The  intensive  search  for  sources  of  petro- 
leum that  is  now  being  prosecuted  in  many 
parts  of  the  world  has  naturally  directed  re- 
newed attention  to  the  oil  shales  of  the  Green 
River  formation,  which  are  known  to  occur 
over  vast  areas  in  Wyoming,  Colorado,  and 
Utah.    According  to  Winchester," 

Approximately  5,500  square  miles  in  northwestern  Colo- 
rado and  northeastern  Utah  are  underlain  by  beds  of  oil 
shale  thick  enough  to  mine  and  apparently  rich  enough  to 
warrant  the  development  of  an  industry  for  the  manufac- 
ture of  shale  oil  and  other  products. 

Concerning  the  origin  of  the  shale  oil  Win- 
chester" wrote  as  follows: 

The  Green  River  formation  or  that  part  of  it  including 
the  oil  shales  consists  of  remarkably  persistent  and  thinly 
bedded  shales  with  some  sandstone  and  at  places  oolite  and 
limestone.  The  beds  were  laid  down  in  fresh  water  which 
had  an  enormous  expanse  and  was  deep  enough  so  that 
wave  action  had  little  effect  on  the  sediments.  The  shale 
is  in  most  places  free  from  grit  and  contains  an  immense 
ahiount  of  vegetable  matter;  the  richer  beds  shoV  by  far 
the  greater  amount  of  such  material.  Singularly  enough, 
such  low  plant  forms  as  the  blue-green  algae  are  represented 
in  great  abundance  and  in  a  state  of  almost  perfect  preser- 
vation. PoUen  grains  are  present  which  came  from  conif- 
erous trees. which  grew  on  land  perhaps  at  considerable 
distances  from  the  great  inland  lake  in  which  the  shale  was 
deposited.  There  is  also  a  vast  amount  of  organic  material 
which  is  too  macerated  for  identification.  Complete 
insects  and  excellently  preserved  dipterous  larvae  as  well 
as  fish  scales  and  even  perfect  fish  skeletons  have  been 
found,  but  in  most  hand  specimens  of  the  shale  there  is 
little  evidence  of  other  plant  life. 

The  microscopic  life,  especially  plant  life,  pf 
the  Green  River  oil  shale,  and  its  probable 
bearing  on  the  origin  of  the  oil,  were  tmder 
critical  study  by  the  late  C.  A.  Davis,  of  the 
U.  S.  Bureau  of  Mines,  and  many  valuable 
data  have  been  accimiulated,  but  his  death  in 
1915  brought  the  study  to  a  close  before  much 
had  been  recorded.  A  great  number  of  thin 
sections  and  other  especially  prepared  material 
had  been  brought  together,  and  a  few  months 
more  of  study  would  have  placed  the  subject 

n  Wincbester,  D.  E.,  Oil  shale  in  the  United  States:  Econ.  Geology, 
vol.  13,  p.  508, 1917. 
>"  Idem,  p.  510. 
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on  a  jBrm  basis.  As  it  is,  the  only  recorded 
facts  resulting  from  this  study  are  in  the  form 
of  the  following  notes  prepared  by  Davis  for 
Winchester's  paper: 

Flora  of  the  oil  tihdU  of  the  Green  River  formation, 

(a)  Bacteria,    Crenothrix,  and  similar    low    filamentous 

types. 
(5)  Myophyceae:  Blue-green  algae, 
(c)  Algae:  (1)  Protococcaceae:  ProtococcuSf  PediaatruM. 

(2)  Gonjugatae:  Spirogyra, 
(rf)  Fungi:  Saprophytic  molds,  etc. 
(e)  Mosses:  Spores  probably  from  these  plants. 
(J)  Pteridophyta:  Ferns;  annul!  from  fern  sporangia. 
{g)  Spermatophyta: 

(1)  Gymnospermae :  Pinaceae;  pollen  of  Ptceaand 

Pinus. 

(2)  Angioepermae :  Pollen  and  fragments  of  cells, 

tissues,  etc.  Bark  cells  and  residues,  small 
pieces  poorly  preserved.  In  addition  there 
are  abundant  and  well-preserved  remains 
which  are  of  good  size  ajid  of  irequent  occur- 
rence, which  seem  to  be  structureless  so  far 
as  cellular  structures  are  concerned.  How- 
ever, they  have  definite  and  pretty  regular 
forms  and,  in  Dictyonophora,  definite  areas 
which  carry  well-marked  and  characteristic 
patterns  which  seem  like  cells  but  which 
show  no  cell  walls.  These  anomalous  forms 
seem  to  have  been  the  most  abundant 
organisms  in  the  waters  in  which  the  shales 
were  laid  down  and  are  evidently  vegetables 
of  a  low  order  of  development.  They  are 
manifestly  in  place  as  they  grew,  since  they 
do  not  show  in  pressed  down  masses  but 
were  buried  in  natural  positions,  very 
slowly. 

The  bearing  of  this  microscopic  flora  on  the 
origin  of  the  shale  oil  is  further  discussed  by 
Davis  in  notes  quoted  by  Winchester  but  need 
not  be  mentioned  here  further  than  to  state 
that  the  evidence  seems  to  indicate  that  the 
oil  was  produced  in  place  and  not  by  migration 
from  some  other  source. 

GREEN  RIVER  LAKE. 

The  Green  River  lake  was  a  very  considerable 
body  of  water,  as  its  length  from  north  to  south 
was  approximately  300  miles  and  its  width 
more  than  150  miles.  It  is  not  known  that 
this  maximmn  extent  was  reached  at  any  one 
time,  but  at  some  time  during  its  existence  its 
waters  spread  in  one  direction  or  another  to 
these  wide-flung  limits.  It  was  bordered  on 
the  north  and  west  by  what  are  now  lofty 
mountain  ranges,  though  they  were  then  of 
far  less  elevation.  *  Its  containing  barriers  on 
the  east  and  south  are  less  easily  recognizable 


but  were  apparently  certain  low-lying  Cre- 
taceous and  perhaps  earlier  rocks  that  were 
then  emergent.  It  may  have  extended  as  far 
as  the  western  foothills  of  the  Park  Range, 
but  this  is  somewhat  uncertain.  The  lake 
was  almost  bisected  by  what  are  now  the 
Uinta  Mountains,  but  it  is  clear  that  there  was 
a  waterway  around  the  east  end  of  the  Uinta 
Range  through  Brown's  Park.  Clarence  King's 
conception  of  the  phjrsical  conditions  that  ex- 
isted in  and  adjacent  to  the  Green  River  Basin 
during  early  Eocene  time  was  set  forth  in  the 
volume  devoted  to  the  general  geology  of  the 
region  traversed  by  the  Fortieth  Parallel  Sur- 
vey imder  his  direction.  Among  the  subjects 
discussed  are  the  supposed  Tertiary  lakes  in 
that  region.^'  King  pointed  out  that  at  the 
end  of  Cretaceous  time  '^  the  relative  upheaval 
of  the  whole  Rocky  Mountain  chain  and  the 
west  shore  of  the  Cretaceous  sea,  including  the 
system  of  the  Wahsatch  and  its  northerly  ex- 
tension, resulted  in  walling  in  the  system  of  the 
Colorado  River,  which  then  for  the  first  time 
became  an  area  from  which  the  sea  was  quite 
excluded." 

The  Wasatch  and  Rocky  motmtains  con- 
verge toward  the  north  and  join  near  the 
present  headwaters  of  Green  River,  but  toward 
the  south  they  diverge  more  and  more  until 
in  southern  Colorado  and  New  Mexico  they 
are  500  miles  or  more  apart.  It  was  within 
the  area  inclosed  by  these  moimtain  systems, 
but  more  especially  in  the  northern  part, 
largely  in  what  is  now  the  Green  River  Basin, 
that  King  located  his  succession  of  Tertiary 
lakes.  The  earliest  of  these  lakes,  according 
to  his  conception,  was  a  great  body  of  fresh 
water  that  extended  150  miles  north  of  the 
40th  parallel  and,  from  some  evidence,  for 
200  miles  to  the  south  and  was  perhaps  150 
miles  wide.  For  this  lake  he  proposed  the  name 
Ute  Lake.  According  to  King  it  was  in  the 
waters  of  this  lake  that  the  great  body  of 
sediments  were  deposited  that  later  con- 
stituted the  Wasatch  formation. 

Subsequent  study  has  more  or  less  dis- 
credited King's  conclusion  as  to  the  lacustrine 
origin  of  the  Wasatch  rocks,  many  observers 
regarding  them  as  more  probably  flood-plain 
deposits.  Be  this  as  it  may,  at  the  end  of 
Wasatch   time   there  was   a   subsidence   that 


»•  King,  Clarence,  U.  S.  Geol.  Expl.  40th  Par.  Rept.,  vol.  1,  pp.  444- 
448,  1878. 
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permitted    a    wider    overflow    of    impounded 

waters.    It  was  in  this  body  of  water,  named 

Gosiute  Lake  by  King,  that  the  sediments  of 

the  Green  River  formation  were  laid  down. 

Whatever  may  be  the  origin  of  the  Wasatch 

sediments,  all  are  apparently  agreed  that  the 

Green  River  shales   are  of  lacustrine  origin. 

King  says: 

Ab  developed  at  characteristic  localities  in  the  neighbor- 
hood of  Green  River,  this  group  embraces  about  2,000 
feet  of  conformable  fine-grained  rocks,  giving  general 
evidence  of  accumulation  in  still,  rather  deep  water. 
The  lower  1,200  feet  are  made  up  of  finely  fissile  shales  and 
calcareous  clays,  with  some  quitp  fine  limestones.  Many 
of  the  upper  shales  are  strongly  bituminous. 

The  position  of  the  outlet  of  Green  River 
lake  is  not  known,  though  it  was  doubtless 
somewhere  to  the  south  or  southwest.  It 
seems  not  unlikely  that  it  followed  approx- 
imately the  present  Colorado  River  drainage 
system,  as  its  surplus  waters  imdoubtedly 
found  their  way  into  the  Pacific  Ocean. 

If  the  deductions  to  be  drawn  from  the  fish 
fauna  have  been  correctly  interpreted  the 
lake  was  at  a  comparatively  slight  elevation 
above  sea  level.  Data  regarding  this  fatma 
furnished  by  Dr.  O.  P.  Hay,  of  the  United 
States  National  Museum,  show  that  about 
35  fairly  well  authenticated  species  of  fish 
are  known  from  the  Green  River  shales.  Three 
families,  represented  in  this  fauna  by  four 
genera  and  eight  species,  have  pronounced 
marine  affiliations.  Thus  the  Clupeidae, 
which  include  the  very  large  group  of  herrings, 
are  represented  by  three  genera  and  six 
species.  The  herrings  to-day  are  mainly  con- 
fined to  the  ocean,  though  some  ascend  rivers 
to  spawn,  and  a  few  live  in  rivers.  The  sting 
rays,  represented  by  a  fine,  clearly  defined 
species  {Heliohatis  radians)  in  the  Green 
River,  are  mainly  marine,  though  a  few  forms 
live  in  rivers.  A  third  family  is  also  repre- 
sented by  a  single  species,  the  living  representa- 
tives of  which  are  found  in  estuaries  and  rivers 
of  Australia. 

From  these  facts  it  seems  certain  that  the 
sea  was  not  far  away  from  the  Green  River  lake 
or  at  least  was  readily  accessible.  Cope,'°  who 
described  most  of  the  Green  River  fishes,  says: 

True  herring,  or  those  with  teeth,  are  chiefly  marine,  but 
they  run  into  fresh-water  rivers  and  deposit  their  spawn 
in  the  spring  of  the  year  and  then  return  to  salt  water.   The 

**Cope,  E.  D.,  U.  S.  Ged.  and  G«og.  Survey  Terr.  Ann.  Kept,  for 
18701  p.  481, 1871. 


young  run  down  to  the  sea  in  autumn  and  remain  there 
until  old  enough  to  spawn.  The  size  of  the  fry  of  the 
Rocky  Mountain  herring  indicates  that  they  had  not  long 
left  the  spawning  ground,  while  the  abundance  of  adults 
suggests  that  they  were  not  far  from  salt  water,  their 
native  element.  To  believe,  then,  that  the  locality  from 
which  these  specimens  were  taken  was  neither  far  from 
fresh  nor  far  from  salt  waters  is  reasonable. 

Osbom  in  discussing  the  Green  River  fishes 
in  his  "Age  of  mammals,''  says  in  part: 

A  large  part  of  the  teliosts  are  related  to  flshes  at  pres- 
ent confined  to  the  Eastern  Hemisphere.  Thus  the 
diplomystids  ("rough-backed  herrings")  survive  only 
in  certain  rivers  and  along  portions  of  the  coasts  of  Chile 
and  eastern  Australia. 

The  distance  from  the  Green  River  lake 
to  the  ocean  can  only  be  approximated,  though 
it  must  have  been  some  hundreds  of  miles. 
This  distance,  however,  woidd  not  have  been 
a  serious  obstacle  to  the  passsage  of  fish  from 
one  to  the  other,  provided,  of  course,  there 
were  no  insurmountable  falls  or  other  obstruc- 
tions in  the  stream.  Salmon  are  known  to 
ascend  to  the  upper  waters  of  the  Yukon  to 
spawn,  a  distance  of  2,250  miles. 

About  a  dozen  species  of  land  and  fresh- 
water invertebrates  (Helix,  Physa,  Vivijparus, 
Pupa,  Unio,  and  others)  have  been  found  in 
the  Green  River  shales,  but  they  throw  little 
light  on  the  ecologic  conditions  that  prevailed 
at  that  time. 

FOSSIL  LOCALITIES  AND  LISTS  OF  SPECIES. 

Locality     unknown. — ^Under     the     heading 

''hard,  shaly,  fine-grained  whitish  sandstone," 

Lesquereux*^    enumerated    the    species   listed 

below  and  continued: 

About  the  same  consistence  and  color  as  the  specimens 
from  Carbon  station.  The  precise  locality  is  imknown, 
the  labels  having  .been  lost  or  forgotten. 

However,  in  Lesquereux's  '^Tertiary  flora"  ^' 
all  these  species  are  referred  without  question 
to  the  Green  River  formation. 

Cyperus  chavannesi  Heer. 
Populus  arctica  Heer. 
Ficus  multinervis  Heer. 
Ficus  lanceolata  Heer. 
Ficus  arenacea  n.  sp. 
Ficus  gaudini  n.  sp. 
Platanus  sp. 
Cinnamomum  sp.      . 

These  species  of  Ficus  have  been  subse- 
quently identified  only  in  older  rocks,  such  as 

"  Lesquereux,  Leo,  U.  S.  Geol.  and  Geog.  Sun^ey  Terr.  Ann.  Rept.  for 
1871,  pp.  300,  301,  1872. 
»  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  pp.  IM,  1»5, 1878. 


138 


SHOBXBR  CONTEIBUTIONS  TO  GENERAL  GEOLOGY,  1922. 


the  Mesaverde  and  ^* Laramie."  There  is 
absolutely  no  warrant  for  calling  them  Green 
River,  and  they  are  consequently  dropped 
from  this  flora. 

Alkali  stage  stcUion,  Wyo. — In  1874  Lesque- 
reux*'  described  the  following  species  from 
Alkali  stage  station,  on  the  Sweetwater  road, 
about  30  miles  north  of  Green  River  station  on 
the  Union  Pacific  Railroad: 

Alnites  unequilateralis  n.  sp. 
Juglans  alkalina  n.  sp. 
Carpites  vibumi  n.  sp. 

Lesquereux  was  uncertain  as  to  the  age  of 
these  species  but  finally  concluded  that  they 
were  probably  of  the  same  age  as  the  plant  beds 
at  Black  Buttes,  Wyo.  Although  the  locality 
has  not  been  revisited  it  has  usuallv  been 
classed  as  of  Green  River  age. 

Mouth  of  White  River  and  west  of  Green  River 
station,  Wyo. — In  1874,  imder  the  caption 
''New  species  of  Tertiary  fossil  plants  briefly 
described,"  Lesquereux"  enumerated  the  fol- 
lowing Green  River  species: 

1.  Lygodium  dentoni  n.  sp. 

2.  Myrica  ludwigii  Schimper. 

3.  Quercus  haidingeri  Ettingshausen. 

4.  Ficus  wyomingiana  n.  sp. 

5.  Cissus  parrottiaefolia  n.  sp. 

6.  PhaseoUtes  juglandinus?  Heer. 

7.  Leguminosites  alternans  n.  sp. 

8.  Sapindus  dentoni  n.  sp. 

9.  Lomatia  microphyUa  n.  sp. 

Nos.  1,  2,  6,  7,  8,  and  9  were  collected  by  Wil- 
liam Denton  at  the  mouth  of  White  River, 
which  empties  into  Green  River.  Nos.  3, 4,  and 
5  were  foimd  west  of  Green  River  station. 

Green  River  station,  Wyo. — In  1872  Les- 
quereux" pubUshed  a  paper  entitled  *'An 
enimieration  with  descriptions  of  some  Tertiary 
fossil  plants  from  specimens  procured  in  the 
explorations  of  Dr.  F.  V.  Hayden,  in  1870." 
Under  the  caption  *' Green  River,  above  the 
fish  beds,  '^  he  enumerated  the  following  forms: 

Hemitelites  torelli  Heer? 

Arundo  gOpperti  Mtinater. 

Phragmitee  oeningensis  Al.  Braun. 

Juncus  sp. 

Salix  angusta  Al.  Braun. 

Salix  media  Al.  Braun. 


»  Lesquereux,  Leo,  U.  8.  Geol.  and  Geog.  Survey  Terr.  Ann.  Kept,  for 
1874,  pp.  307,  308, 1876. 

«<  Idem,  pp.  308-315;  also  U.  8.  Geol.  and  Geog.  Survey  Terr.  Bull.,  2d 
ser.,  No.  5,  pp.  382-389,  Jan.  8.  1876. 

»-  U.  S.  Geol.  Survey  Terr.  Fifth  Ann.  Kept.,  for  1871,  Suppl.,  pp.  6-9, 
22,1872. 


Salix  sp. 

Myrica  nigricans  n.  sp. 

Myrica  salicina  Unger. 

Quercus  lonchitis  Unger. 

Ficus  populina  Heer. 

Ficus  ungeri  n.  sp. 

Cinnamomum  scheuchzeri  Heer. 

Eucalyptus  americanus  n.  sp. 

Ampelopsis  tertiaria  n.  sp. 

Ilex  affinis  n.  sp. 

Ilex  stenophylla  Unger.    [Excluded.] 

Ceanothus  cinnamomoides  Lesquereux. 

Rhus  acuminata  n.  sp. 

Juglans  schimperi  n.  sp. 

Juglans  acuminata  Heer? 

Juglans  denticulata  Heer? 

In  the  same  year,  mider  the  caption  ''Green 
River  group,  high  on  hills  from  river,''  Les- 
quereux enumerated  the  following  species : 

Ceanothus  cinnamomoides  Lesquereux. 
Carya  heerii  Ettingshausen. 

In  the  '^  Tertiary  flora  ^'  (p.  277)  Lesquereux 
states  that  Ceanothus  (or  Zizyphus)  cinnamo- 
moides  came  from  ''Green  River  station^  Wye, 
above  the  fish  beds  with  Ampelopsis  tertia- 
ria.^^ It  was  collected  by  F.  V.  Hayden  and 
is  preserved  in  the  United  States  National 
Museum  (No.  431). 

Bridger  Pass  ( ?)  and  Washakie  station,  Wyo. — 
In  the  "  Tertiary  flora"  Lesquereux  enumerates 
three  species  as  having  come  from  Bridger  Pass, 
Wyo.,  as  foUows: 

LauriiB  utahensis  Lesquereux  (p.  216). 

Aralia?  gracilis  (Lesquereux)  Lesquereux  (p.  236). 

Rhamnus  intermedius  Lesquereux  (p.  282^. 

On  referring  to  the  place  of  original  descrip- 
tion it  appears  that  Aralia  f  gracilis  (or  Liquid- 
anibar  gracUe,  as  it  was  first  called)  and  Rham- 
nus intermedius  are  recorded  by  Lesquereux  *• 
as  having  come  from  "  Washakie  station,  near 
Bridger  Pass.''  Laurns  utahensis  was  de- 
scribed as  new  in  the  "Tertiary  flora''  and  was 
said  to  have  come  from  Bridger  Pass,  "  in  con- 
nection with  Araliopsis  [error  for  Aralia]  gra- 
cilis  and  Populus  arctica.^^  Both  these  species 
are  found  at  Washakie  station,  and  with  Ijittle 
doubt  the  species  of  Laurus  was  also  found 
there. 

From  this  evidence  it  seems  reasonably  cer- 
tain that  the  three  species  above  mentioned 
did  not  come  from  Bridger  Pass,  but  from  Wa- 
shakie station,  which  is  about  12  miles  west  of 
Bridger  Pass.     The  improbability  of  their  hav- 

«•  Les(iuorpiL\,  Leo,  U.  S.  Geol.  and  Oeog.  Burwy  T«t.  Ann.  Bept. 

for  lb7l,  p.  286,  1872. 
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ing:.come  from  Bridger  Pass  is  further  empha- 
sized by  the  fact  that,  according  to  Ball,"  the 
rocks  in  the  pass  are  referred  to  the  Mesaverde. 
On  the  other  hand,  Washakie  station  is  in  an 
area  in  .Ball's,  *^  upper  coal  group,*'  which  in- 
cludes ^' Upper  Laramie,"  Fort  Union,  and 
basal  Wasatch.  As  there  is  no  indication  by 
Lesquereux,  or  by  Hayden,  who  collected  these 
plants,  as  to  where  they  came  in  the  local  sec- 
tion, it  is  absolutely  impossible  to  place  them 
until  they  are  again  collected  from  beds  of 
known  position.  To  refer  them  to  the  Green 
River  formation  is  not  warranted,  and,  at  least 
for  the  present,  they  are  excluded  from  this 
flora. 

Green  River,  Wyo,  (plants  described  by  J,  S. 
Newberry), — ^In  1883  Newberry"  named  and 
gave  preliminary  descriptions  of  the  following 
species: 

Acroetichum  hesperium. 

Pecopteris  (Phegopteris)  sepulta. 

Sabal  powellii. 

Manicaria  haydenii. 

Qucrcus  castanoides. 

Juglans  dentata. 

Juglans  occidentalis. 

Planera  variabilis. 

Planera  nervosa. 

Zizyphus  longif  olia. 

Aralia  macrophylla. 

In  1S98  Newberry"  described  and  figured 
the  plants  enumerated  in  the  preceding  paper 
under  the  following  names: 

Lygodium  kaulfiissii. 
Acrostichuin  hesperium. 
Pecopteris  (Cheilanthes)  sepulta. 
Equisetum  wyomlngense. 
Sabal  powellii. 
Manicaria  haydenii. 
.  Juglans  occidentalis. 
Salix  angusta? 
Quercus  castanoides. 
Planera  nervosa. 
Planera  variabilis. 
Zizyphus  longif  olia. 
Aralia  macrophylla. 
Nordenskioldia  borealis. 

Colorado  localities  {collections  of  D.  E.  Win- 
chester).— The  collections  of  D.  E.  Winchester 
include  the  species  listed  below. 

Yellow  sandstone  of  "Upper  Green  River,"  on  Grease- 
wood  Creek,  40  miles  west  of  Meeker,  Rio  Blanco  County, 
Colo.  (Winchester  7379) : 

Aralia  wyomingensis  Knowlton  and  Cockerell. 

«  BaU,  M.  W.,  U.  8.  Geol.  Survey  Bull.  341,  pi.  13, 1909. 
»  U.  8.  Nat.  Mus.  Proc.,  vol.  5,  pp.  502-514, 1883. 
*  Later  extinct  floras  of  North  America:  U.  8.  Geol.  Survey  Mon.  35, 
1806. 


Green  River  oil  shale,  Cathedral  Bluff,  Little  Tommies 
Draw,  20  miles  west  of  Rio  Blanco  post  office,  Rit)  Blanco 
County,  Colo.  (Winchester  7399): 

Caenomyces  eucalpytae  n.  sp. 

Myrica  sp. 

Pimelea  spatulata  n.  sp. 

Sedum?  hesperium  n.  sp. 

Eucalyptus?  americanus  Lesquereux. 

Carpi tes  inquirenda  n.  sp. 
Green  River  oil  shale,   Greasewood  Creek,  40  miles 
southwest  of  Meeker,  Rio  Blanco  County,  Colo.  (Winches- 
ter 7381) : 

Caenomyces  sp. 

Danaea  coloradensis  n.  sp. 

Pontederites  hesperia  n.  sp. 

Salix  sp. 

Myrica  minuta  n.  sp. 

Myrica  praedrymeja  n.  sp. 

Comptonia?  anomala  n.  sp. 

Oreodaphne  viridiflumensis  n.  sp. 

Sapindus  Winchester!  n.  sp. 

Rhus  n.  sp. 

Zizyphus  longifolia  Newberry. 

Sambucus?  winchesteri  n.  sp. 

Carpolithes  caryophylloides  n.  sp. 
Green  River  oil  shale,  Little   Duck  Creek,  50  miles 
southwest  of  Meeker,  Rio  Blanco  Coimty,  Colo.  (Winches- 
ter 7381a): 

Dalbergia  retusa  n.  sp. 

Sophora  coloradensis  n.  sp. 

Mimosites  coloradensis  n.  sp. 
Green  River  oil  shale,  Cathedral  Blufi,  20  miles  west  of 
Rio  Blanco  post  office,  Rio  Blanco  County,  Colo.,  in  sec. 
33,  T.  4  S.,  R.  100  W.  (Winchester  7382): 

Lygodium  kaulfussii  Heer. 

Salix  linearis  n.  sp. 

Salix  longiacuminata  n.  sp. 

Juglans  winchesteri  n.  sp. 

Dalbergia  viridiflumensis  n.  sp. 

Eucalyptus?  americana  Lesquereux. 

Phyllites  winchesteri  n.  sp. 
Green  River  oil  shale,  Camp  Gulch,  25  miles  northwest 
of  De  Beque,  Colo.  (Winchester  7384): 

Achaenites  cichorioides  n.  sp. 
Green  River  oil  shale,  head  of  trail  up  ridge  between 
Can*  and  Bushy  creeks,  25  miles  northwest  of  De  Beque, 
Colo.  (Winchester  7386): 

Eucalyptus?  americana  Lesquereux. 
Green  River  oil  shale,  head  of  Carr  Creek,  30  miles 
northwest  of  De  Beque,  Colo.  (Winchester  7387): 

Myrica  sp. 

SPECIES  EXCLUDED  FROM  GREEN  RIVER  FLORA. 

The  following  species  have  been  dropped 
from  the  Green  River  flora  for  the  reasons 
stated : 

Acer  sp.  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey  Terr. 
Ann.  Rept.  for  1871,  p.  286,  1872. 

From  Barrel  Springs,  Wyo.;  not  afterward  recog- 
nized by  Lesquereux. 

Aralia  gracilis  (Lesquereux)  Lesquereux,  U.  8.  Geol.  Sur- 
vey Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  236,  pi.  39, 
fig.  1,18,   78. 
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Liquidambar  gracUe  Leaqueieux,  U.  S.  Geol.  and  Geog. 
Sim-ey  Teir.  Ann.  Rept.  for  1871,  p.  287, 1872. 

From  Biidger  Ptas,  Wyo.,  hence  excluded.  (See 
p.  138.) 

Arundo  gopperti  MOnater.  Leequereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  6, 
1872;  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary 
flcHa),  p.  86,  pi.  8,  figB.  3-6. 

This  species  is  rejected  from  the  Green  River  flora 
and  probably  should  not  be  recognized  in  North 
America.  In  the  *  *  Tertiary  flora  *'  Lesquereux  figured 
three  specimens  that  he  referred  to  this  species.  Of 
these  only  one,  the  original  of  his  Plate  VIII,  figure  3, 
is  now  preserved  in  the  United  States  National 
Museum  (No.  95),  and  is  before  me.  It  is  fully  8 
centimeters  wide,  nearly  three  times  the  size  of  the 
laigest  specimen  figured  by  Heer,'^  and  is  very  unlike 
Heer*s  figure  in  appearance.  It  is  marked  with 
numerous  fine  longitudinal  veins  or  lines,  and  at 
fairly  regular  intervals,  about  1  centimeter  apart,  are 
stronger  lines  or  folds.  It  may  be  a  large  leaf  of 
Cyperaeite*  or  possibly  a  palm  leaf.  It  is  too  indefinite 
to  be  identified. 

Blechnum  gopperti  Ettingiahausen.  Lesquereux,  U.  S. 
Geol.  and  Geog.  Survey  Terr.  Ann.  Rept.  for  1871, 
p.  283,  1872. 

From  Hienry 's  Fork,  Utah :  not  again  referred  to  by 
Lesquereux. 

Carya  heerii  (Ettingshausen)  Heer.    Lesquereux,  U.  S. 
Geol.  and  Geog.  Survey  Terr.  Ann.  Rept.  for  1871, 
p.  289,  1872. 
Not  afterward  recognized  by  Lesquereux. 

Cinnamomum  Kheuchzeri  Heer.    Lesquereux,  U.  S.  Geol 
and  Ge<^.  Survey  Terr.  Ann.  Rept.  for  1871,  Suppl., 
p.  7,  1872. 

Concerning  this  species  Lesquereux  said:  ''I  refer 
to  this  species  two  leaves  of  CinrMmomum,  one  of 
which  is  contracted  above  the  base,  as  in  some  forms 
of  C.  huchi  Heer:  the  other  narrower,  like  a  variety 
of  C.  lanceolata  Heer.  Both  specimens  are  incomplete 
and  have  the  nervation  of  C.  schetichzeri^  as  represented 
in  many  specimens  from  other  localities  of  our  Ter- 
tiary." This  species  was  not  again  alluded  to  as  a 
member  of  the  Green  River  flora,  and  the  two  leaves 
were  probably  transferred  to  some  other  species,  but 
of  this  there  is  no  record;  they  are  not  now  known  to 
be  in  existence. 

CyperiUs  deucalionis  Heer.    Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  285,  J872. 
From  Barrel  Springs,  Wyo.;  not  afterwEurd  referred 
to  by  Lesquereux. 

Cy penis  hraunianus?  Heer.    Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  285,  1872. 
From   Barrel   Springs,  Wyo.;  not  afterward  men- 
tioned by  Lesquereux. 

Cypenu  chax^anensis  Heer.    Lesquereux,  U.  S.  Geol.  and 

Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  300,  1872. 

Not  from  ^e  Green  River  formation.    (See  p.  137.) 

Equisetum  haydenii  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1871,  p.  284,  1872;  U.  S. 
Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  pi. 
6,  figs.  2-4,  1878. 


,  OywT!.i,  Flora  tertlarla  Helvetlae,  vol.  1,  rl-  23,  fp.  1,  1854. 


FieuM  arenaeea  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1871,  p.  300, 1872. 
Not  from  the  Green  River  formation.    (See  p.  137.) 

Ficut  gaudini  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1871,  p.  200, 1872. 
Not  from  the  Green  River  formaticm.    (See  p.  137.) 

Fieus  lanceolata  Heer.    Lesquereux,   U.   S.   Geol.  and 

Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  300,  1872. 

Not  from  the  Green  River  formation.    (See  p.  137.) 

Ficus  mtUtinervis  Heer.    Lesquereux,  U.  S.  Geol.  and 

Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  300, 1872. 

Not  from  tiie  Green  River  formation.    (See  p.  137.) 

Ficiu  popuJxTia  Heer,  Flora  tertiaria  Helvetiae,  vol.  2,  p. 
66,  pi.  85,  figs.  1-7;  pi.  86,  figs.  1-11,  1856;  Lesque- 
reux, U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann. 
Rept.  for  1871,  Suppl.,  p.  6,  1872. 

Fiau  popvJina  was  characterized  by  Heer  from 
specimens  obtained  in  the  Swiss  Miocene.  A  number 
of  leaves  from  the  Green  River  formation  were  iden- 
tified by  Lesquereux  with  Heer's  species,  although  he 
states  that  they  show  *^  some  marked  differences,  '* 
such  as  being  obtuse  rather  than  long  and  acutely 
pointed,  having  the  veins  nearer  the  borders,  and  hav- 
ing the  marginal  teeth  pointed  rather  than  round. 
There  is  a  great  deal  of  variation  in  the  size  and 
appearance  of  the  forms  referred  to  Ficus  populina  by 
Heer,  and  as  Lesquereux  did  not  specify  the  par- 
ticular forms  he  regarded  as  most  like  those  he  had 
from  Green  River  there  is  no  way  of  telling  where  he 
later  referred  them.  This  species  will  have  to  be 
excluded  from  the  Green  River  flora. 

Gearwrnxus  goldianus  (Lesquereux)   Lesquereux,   U.   S. 
Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p. 
115,  pi.  9,  fig.  9,  1878. 
Wrong  identification. 

Pahnaeites  goldianui  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1874,  p.  311,  1875. 
From  Barrel  Springs,  Wyo. 

Hemitelites  torrelli  Heer?    Lesquereux,  U.  S.  Geol.  and 
Greog.  Survey  Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  5, 
1872. 
Not  afterward  referred  to  by  Lesquereux. 

Ilex  dissimilis  Lesquereux,  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7  (Tertiary  flora),  p.  271,  pi.  50,  flgs.  7-9,  1878. 

This  species  comes  from  Sage  Creek,  Mont.,  in  beds 
of  doubtful  age.  There  seems  no  longer  any  valid 
reason  for  including  this  in  the  Green  River  formation, 
even  with  a  question,  and  it  is  excluded. 

Ilex  stenophylla  Unger.    Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  8,  1872. 
Not  afterward  mentioned  by  Lesquereux  in  connec- 
tion with  the  Green  River  flora. 

Juglans  acuminaia  Heer?  Lesquereux,  V.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  8, 
1872. 

Lesquereux  compares  his  Green  River  leaf  with  a 
peculiar  form  of  Juglans  acuminata  from  the  Swiss 
Miocene,  but  as  he  did  not  afterward  allude  to  it  in 
this  connection  it  was  probably  placed  under  some 
other  form  without  record  of  such  transfer. 

Juglans  dentata  Newberry,  U.  S.  Nat.  Mus.  Proc.,  vol.  5, 
p.  507, 1882  [1883]. 

Although  this  species  was  described  by  Newberry 
it  was  e\ddently  merged  with  some  other  species  in  the 
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formal  publication  of  the  "  LAter  extinct  floras/'  but 
just  which  one  can  not  be  determined.  Ho]  lick,  who 
edited  this  work  of  Newberry's,  states  that  he  could 
find  neither  specimen,  figure,  nor  manuscript  relating 
to  it,  so  it  would  best  be  dropped. 

Lavrus  tUahensis  Lesquereux,  U.  S.  Geol.  Sun'ey  Terr. 
Rept.,  vol.  7  (Tertiary  flora),  p.  216,  1878. 

Said  to  have  come  from  Bridger  Pass,  Wyo.,  but  the 
locality  is  uncertain,  hence  it  is  best  excluded  from 
the  Green  River  flora.    (See  p.  138.) 

Leguminosites  lesqiLoreyxiana  Knowlton,  U.  S.  Geol.  Sur- 
vey Bull.  152,  p.  131,  1898;  Mon.  32,  pt.  2,  p.  730,  pi. 
79,  fig.  4,  1899.    [See  below.] 

Leguminosites  cassioides  Lesquereux,  U.  S.  Geol.  Sur\'ey 
Terr.,  Rept.,  vol.  7  (Tertiary  flora)  p.  300,  pi.  59,  figs. 
1-4, 1878.  [Homonym ;  replaced  by  L .  lesqtweiuiana.] 
It  seems  probable  that  this  species  would  best  be 
excluded  from  the  Green  River  flora,  for  although  Les- 
quereux states  that  three  of  the  figured  types  were 
obtained  above  the  fish  beds  at  Green  River,  they 
are  not  to  be  found  with  the  other  material  from  this 
locality  that  is  preserved  in  the  United  States  Na- 
tional Museum,  and  their  present  location  is  unknown. 
The  other  type  is  from  the  supposed  LiNdngston  forma- 
tion of  the  Bozeman  coal  field,  Mont.  As  this  species 
has  not  subsequently  been  found  in  the  Green  River 
formation,  it  is  excluded,  at  least  for  the  present. 

Magnolia  sp.  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1871,  p.  287,  1872. 

This  is  stated  to  have  come  from  Washakie  station, 
Wyo.,  but  as  it  was  not  afterward  referred  to  by 
Lesquereux  it  should  be  dropped. 

Myrica  student  Heer.  Lesquereux,  L^.  S.  Nat.  Mus. 
Proc.,  vol.  10,  p.  38,  1887. 

The  locality  for  this  specimen  is  supposed  to  be 
White  River,  Wyo.,  but  it  is  so  uncertain  and  the 
specimen  is  so  obsciu^  that  it  is  here  excluded  from 
the  Green  River  flora. 

Phaseolites  juglandinusf  Heer.  Lesquereux,  U.  S.  Geol. 
and  Geog.  Siu^ey  Terr.  Bull.,  vol.  1,  p.  388,  1875 
[1876]. 

Undoubtedly  an  error  for  Phyllites  juglandinua 
Heer,  as  no  record  can  be  found  in  Heer  of  the  com- 
bination given  by  Lesquereux.  This  species  was 
described  by  Lesquereux  from  material  collected  near 
the  mouth  of  White  River,  Wyo.,  but  it  was  not 
afterward  referred  to  and  was  probably  merged  with 
some  other  form,  without  record  of  its  transfer.  It 
is  consequently  dropped  from  the  Green  River  flora. 

PoacUes  laevis  Al.  Braun.    Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  285,  1872. 
From  Barrel  Springs,  Wyo. 

Populus  arctiea  Heer.    Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1871,  p.  300,  1872. 
Not  from  the  Green  River  formation.    (See  p.  137.) 

Querais  lonchitis  Unger.  Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  Suppl., 
p.  6, 1872. 

This  species  was  identified  by  Lesquereux  in  a 
coUection  of  plants  from  Green  River  but  was  never 
figured  and  is  now  lost  or  meiged  with  some  other 
form;  it  has  not  since  been  identified  with  American 
material.  It  was  not  mentioned  by  Lesquereux  in 
the  ** Tertiary  flora." 
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Rhamnus  tvashakiensis  Oockerell,  Am.  Mus.  Nat.  Hist. 
Bull.,  vol.  24,  p.  74,  1908.    [See  below.] 

Rhamnus  intermedius  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1871,  p.  286, 1872;  U.  S. 
Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora), 
p.  282,  pi.  54,  fig.  3,  1878.  [Homonym,  Steudel  and 
Hockstetter.  1827;  replaced  by  R.  washakiensis.] 

This  species  rests  on  the  single  type  specimen  as 
figured  by  Lesquereux  (U.  S.  N.  M.  No.  447).  It  is 
a  rather  nondescript  oblong-elliptical  leaf,  about  6 
centimeters  long  and  a  little  less  than  2  centimeters 
wide,  with  a  strong  midrib  and  about  16  pairs  of  close, 
parallel  camptodrome  secondaries.  This  species 
seems  to  approach  most  closely  Rhamnus  obovatus 
Lesquereux,**  a  species  of  somewhat  doubtful  age  but 
distinguished  by  its  obovate  instead  of  elliptical 
outline.  More  material  might  bring  them  closer  to- 
gether, but  for  the  present  they  are  best  kept  apart. 
From  Bridger  Pass,  Wyo..  and  hence  excluded  from 
the  Green  River  flora.    (See  p.  138.) 

Sequoia  heerii  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1871,  p.  290,  1872;  U.  S.  GeoL 
Siuvey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  77, 
pi.  7,  figs.  11-13,  1878. 

This  species  was  described  as  coming  from  "Sage 
Creek,  Mont.,"  a  locality  that  has  not  since  been 
found;  hence,  of  coiu'se,  its  age  is  in  doubt.  Sequoia 
heerii  has  been  subsequently  identified  in  the  upper 
part  of  the  Clamo  formation  of  Oregon,  the  Kenai 
formation  of  Alaska,  and  the  Lance  formation  of 
Montana  and  Wyoming.  It  has  not  been  reported 
from  any  Green  River  locality,  and  the  manner  in 
which  it  came  to  be  even  tentatively  accredited  to 
this  formation  is  unknown. 

Zanthoxylon  ju^landinumf  Al.  Braun.  Lesquereux,  U.  S. 
Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  294, 
pi.  68,  fig.  10,  1878. 

This  species  comes  from  Washakie,  Wyo.,  from  beds 
whose  position  is  not  definitely  settled  as  in  the  Green 
River  formation;  hence  it  is  excluded. 

SYNONYMS  AND  CHANGES  OF  NAMES. 

Acer  indivisum  I^esquereux =^cer  lesquereuxii  Knowlton. 

Alnites  inaequilateralis  Lesquereux  sPZcm^ra  inaequiUUer' 
alts. 

Alnus  inaequilatenilis  heequerenx^ Planera  inaequilater- 
alis. 

Ampelopsis  tertiaria  LeBqueireux=Parihenocissu3  tertiaria. 

Apocynophyllum  scudderi  Lesquereuxsf'ticaZyptu^f  ameri- 
cana. 

Aralia  m/urophylla  Newberry  =s^ra2ta  vn/omingensis. 

Ceanoihus  dnnamommdes  Lesquereux— ZisypAutf  cinna- 
momoides. 

Juglans  denticulata  Heer.     Lesquereux =j2^2an«  crossii. 

Juglans  occidentalis  Newberry  (part) = Carpites  newherryana, 

Juglans  schimperi  Lesquereux  (psLrt)  =  Juglans  occidentalis. 

Lygodium  neuropteroides  'Leeq\ieTe}XJi=Lygodium  kaulfussii 

Myrica  nigricans  Lesquereux =/?Au«  nigricans. 

Pecopteris  sepulta  Newberry=0«nu7wiaf  sepuUa. 

Planera  variabilis  Newberry  (part) =Pian^a  inaequilater- 
alls. 

>i  Lesquereux,  Leo,  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary 
flora),  p  281,  pi.  54,  figs.  1,  2, 1878. 
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Quercus  coMtaneoides  'Sewherry  =:Quercus  cagtaneopsis. 
Rhus  acuminata  LeBquereux—Rhus  Usquereuxii  Knowlton 

and  Cockerel]. 
Saiix  anguMta  Al.  Braun?    Newberry =J?u«iZyptic«f  amtri- 

carta. 
Salix  media  Heer.    Lesquereux,  U.  S.  Geol    and  Geog. 
Survey  Terr.  Ann.  Kept,  for  1871,  Suppl.,  p.  6, 1872= 
Salix  Bp. 
Spheria  myricae  Le6quereux=iS;>Aamt«8  myricae. 
Zizyphus    Umgifolia    Newberry    (part)=ZwypAtw   cinna- 

mommdes. 

THE  ACCEPTED   GREEN  RIVER  FLORA. 

The  Green  River  flora  as  here  described  com- 
prises the  following  species: 

Caenomyces  eucalyptae  Knowlton,  n.  sp. 

Caenomyces  sapindicola  Knowlton,  n.  sp. 

Sphaeritee  myricae  (Leequereux)  MeBchinelli. 

Acroetichum  heeperium  Newberry. 

Lygodium  kaulfuseii  Heer. 

Lygodium  dentoni  Leequereux. 

Osmunda?  sepulta  (Newberry)  Knowlton. 

Danaea  coloradensis  Knowlton,  n.  sp. 

Equiaetum  wyomingense  Leequereux. 

Arundo  reperta  Leequereux. 

CyperuB  chavannesi  Heer. 

Cyperacites  haydenii  (Leequereux)  Knowlton. 

Geonomitee   haydenii   (Newberry)    Knowlton,    n. 

comb. 
Sabal  powellii  Newberry. 
Flabellaria  florissanti  Leequereux. 
Pontederites  heeperia  Knowlton,  n.  sp. 
Juncufi  ep.  Leequereux. 
MuBophyllum  complicatum  Leequereux. 
Salix  linearis  Knowlton,  n.  ep. 
Salix  longiacuminata  Knowlton,  n.  ep. 
Salix  sp.  Knowlton. 
Salix  sp.  Knowlton. 
Myrica  sallcina  Unger. 
Myiica  minuta  Knowlton,  n.  ep. 
Myrica  praedrymeja  Knowlton,  n.  sp. 
Myrica  ludwigii  Schimper. 
Myrica  sp.  Knowlton. 
Myrica  sp.  Knowlton. 
Comptonia?  anomata  Knowlton,  n.  ep. 
Juglans  occidentalis  Newberry. 
Juglans  schimperi  Leequereux. 
Juglans  croesii  Knowlton. 
Juglans  alkalina  Leequereux. 
Juglans  winchesteri  Knowlton,  n.  sp. 
Quercus  castaneopsis  Lesquereux. 
Planera  inaequilateralis  (Lesquereux)   Knowlton, 

n.  comb. 
Ficus  ungeri  Leequereux. 
Ficus  wyomingiana  Lesquereux. 
Ficus  tenuinervis  Leequereux. 
Lomatia?  microphylla  Lesquereux. 
Oreodaphne  viridiflumensis  Knowlton,  n.  sp. 
Pimelea  spatulata  Knowlton,  n.  sp. 
Brasenia?  antiqua  Newberry. 
Sedum?  heeperium  Knowlton,  n.  sp. 
Amygdalus  gracilis  Leequereux. 


Dalbeipa  viridiflumensis  Knowlton,  n.  sp. 

Dalbergia  retusa  Kiiowlton,  n.  sp. 

Leguminoeites  altemans  Lesquereux. 

Sophora  coloradensis  Knowlton,  n.  sp. 

Mimoeitee  coloradensie  Knowlton,  n.  ep. 

Ailanthus  longe-petiolata  Leequereux. 

Sapindus  dentoni  I^eequereux. 

Sapindus  obtuaifolius  Lesquereux. 

Sapindus  winchesteri  Knowlton,  n.  sp. 

Rhus  lesquercuxii  Knowlton  and  Cockerell. 

Rhus  variabilis  (Newberry)  Knowlton,  n.  comb. 

Rhus  nigricans  (Leequereux)  Knowlton,  n.  comb. 

Rhus  myricoidee  Knowlton,  n.  sp. 

Euonymus  flexifolius  I^iesquereux. 

Acer  lesquereuxii  Knowlton. 

Ilex?  affinis  Leequereux. 

Ilex  maculata  Lesquereux. 

Ilex  vyomingiana  Leequereux. 

Zizyphus  longifolia  Newberry. 

Zizyphus  cinnamomoides  (Leequereux)  Lesque- 
reux. 

Cissus  parrottiaefolia  Leequereux. 

Parthenocissus  tertiaria  (Lesquereux)  Knowlton, 
n.  comb. 

Eucalyptus?  americanue  Leequereux. 

Aralia  wyomingensis  Knowlton  and  Cockerell. 

Andromeda  delicatula  Leequereux. 

Sambucus?  wincheeteri  Knowlton,  n.  ep. 

Achaenites  cichorioides  Knowlton,  n.  sp. 

Antholithes  improbus  Lesquereux. 

Carpolithus  caryophylloidee  Knowlton,  n.  sp. 

Carpitee  \'ibumi  Leequereux. 

Carpitee  newberryana  Knowlton,  n.  ep. 

Carpitee  inquirenda  Knowlton,  n.  sp. 

Phyllites  wincheeteri  Knowlton,  n.  Bp. 

Phyllitee  fremonti  Unger. 

Phyllitee  coloradensis  Knowlton,  n.  sp. 

NordenskiOldia  borealis  Heer. 

RELATION  OF  GREEN  RIYER  FLORA  TO  OTHER 

FLORAS. 

The  position  of  the  Green  River  formation 
above  the  Wasatch  and  below  the  Bridger  fixed 
its  stratigraphic  horizon  as  approximately  mid- 
dle Eocene.  Hayden  when  he  named  the  for- 
mation made  no  attempt  to  fix  its  position 
definitely  within  the  Tertiary,  though  by  in- 
ference it  fell  within  the  Eocene.  Cope,  who 
first  studied  the  Green  River  fish,  did  not 
venture  more  than  to  place  it  in  the  Eocene, 
because  he  regarded  the  available  data  as 
insufficient. 

Lesquereux,'*  who  was  the  first  to  study  the 
flora  systematically,  placed  these  beds  in  his 
so-called  fourth  group,  which  comprised  a 
''Lower  Green  River'*  and  an  ''Upper  Green 
River."     To  the  first  of  jbhese  he  referred  the 


«  Lesquereux,  Loo,  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary 
flora),  pp.  314-328,  1S78. 
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localities  of  Barrel  Springs  and  Green  River 
station  (above  fish  beds),  Wyo.,  and  Sage 
Creek,  Mont.,  and  to  the  second  the  localities 
Florissant,  Colo.,  Elko,  Nev.,  and  White  River, 
Wyo. 

In  his  final  consideration  of  the  Green  River 
flora  Lesquereux  *'  referred  all  these  localities 
to  the  Green  River  formation.  For  many 
years  thereafter  the  Florissant  lake  beds  were 
generally  regarded  as  of  Green  River  age,  but 
subsequent  study  had  placed  them  in  the  upper 
Miocene.  The  plants  from  Elko,  Nov.,  have 
not  been  critically  studied  and  revised  in 
recent  years,  but  they  are  probably  slightly 
younger  than  the  Green  River. 

As  pointed  out  in  another  place,  the  locali- 
ties of  Barrel  Springs,  Fort  Bridger,  and  Sage 
Creek  have  been  removed  from  the  Green  River 
formation  on  the  ground  of  imcertainty  as  to 
their  position. 

The  only  described  middle  Eocene  flora  with 
which  the  Green  River  flora  may  be  compared 
is  one  from  the  so-called  Congaree  clay  member 
of  the  McBean  formation  of  the  Claiborne 
group "  of  Georgia,  described  by  Berry.'* 
This  is  a  small  flora  of  only  17  species,  belong- 
ing to  the  following  genera : 


Acrostichum. 

Arundo. 

Castanea. 

Ck>nocarpu8. 

Dodonaea. 

Ficus. 

Malapoenna. 

MimositeB. 

Momifiia. 


Pisonia. 

Pifltia. 

Potamogeton. 

Rhizophora. 

Sapindus. 

Sphaerites. 

Terminalia. 

Thrinax. 


The  genera  conmion  to  these  two  floras  are 

Acrostichum.  Mimosites. 

Arundo.  Sapindus. 

Ficus.  Sphaerites. 

Although  none  of  the  species  are  held  to  be 
common  to  the  two,  there  are  several  that  are 
evidently  rather  closely  related.  Thus  Acros^ 
tichum  georgianum  is  regarded  by  Berry  as 
closely  related  to  Acrostichum  hesperiumj 
''dijBFering  from  it  in  being  somewhat  more 
slender  in  habit  and  in  having  straighter  mid- 

"U.  8.  Geol.  Survey  Terr.  Rept.,  vol.  8  (Cretaceous  and  Tertiary 
floras),  pp.  205-218, 1883. 

**  Later  more  detailed  work  revealed  the  fact  that  the  deposits  from 
which  this  flora  was  collected  are  of  Jackson  (upper  Eocene)  age  and 
belong  to  the  Twiggs  clay  member  of  the  Barnwell  formation .  See  U.  8. 
Geol.  Survey  Prof.  Paper  120,  pp.  41-77, 1919. 

•4  Berry,  E.  W.,  The  Upper  Cretaceous  and  Eocene  floras  of  South 
Carolina  and  Georgia:  U.  S.  Geol.  Survey  Prof.  Paper  84,  pp.  129-163, 
pis.  24-29,  1914. 


veins  and  less  elongate,  finer  areolation. " 
Arundo  pseudogoepperti,  although  a  mere  frag- 
ment, is  regarded  as  very  similar  to  and  possi- 
bly identical  with  Arundo  reperta,  from  the 
Green  River.  The  only  species  of  Ficus  from 
the  Georgia  locality  is  Ficus  claibomensis.  It 
is  an  oblong-lanceolate  leaf  in  which  very  little 
of  the  nervation  is  preserved  and  is  quite  differ- 
ent from  either  of  the  Green  River  species. 
Mimosites  georgianus  is  certainly  very  similar 
to  Mimosites  coloradensis.  Sapindus  geor- 
giana,  according  to  Berry,  suggests  Sapindus 
angustifolius  and  S.  stdlariaefolius,  both  from 
the  Florissant  lake  beds,  but  is  not  particularly 
close  to  any  Green  River  species.  The  Georgia 
species  of  Sphaerites  is  similar  to  Sphaerites 
myrica^  from  the  Green  River,  but  all  fossil  leaf- 
spot  fungi  are  so  similar  that  without  the  essen- 
tial organs  it  is  almost  impossible  to  be  certain 
of  identifications. 

The  ecologic  conditions  imder  which  this 
Georgia  flora  grew  are  discussed  at  length  by 
Berry,  who  concludes  that  it  was  distinctly  a 
coastal  flora.  The  only  forms  to  which  this 
interpretation  would  not  apply  are  Castanea, 
which  is  an  upland  type,  and  Pistia  and  Potor- 
mogeton,  both  of  which  are  aquatic  but  not 
of  coastal  waters.  All  these  could  have  been 
brought  down  from  higher  land  by  a  stream. 
Concerning  the  others  Berry  says: 

It  ia  interesting  to  note  that  the  remaining  12  species 
are  all  plants  of  a  coastal  habitat,  their  modem  represen- 
tatives flourishing  in  the  tidal  nipa  swamps  of  the  Orient, 
in  mangrove  swamps  of  the  Orient  and  Occident,  on  the 
strand  in  beach  jungle,  or  on  the  landward  side  of  coastal 
sand  dunes.  Nearly  all  are  represented  by  forms  found  in 
the  existing  flora  on  the  Florida  keys  or  along  the  shores  of 
peninsular  Florida,  some,  like  ConocarpiLSt  flourishing 
equally  well  on  either  muddy  or  sandy  shores.  Every 
species  has  representatives  in  the  American  Tropics. 

The  actual  physical  conditions  Berry  inter- 
prets as  follows: 

The  present  winter  isotherm  in  the  latitude  of  Grove- 
town  [Ga.]  ia  approximately  48**  F.  None  of  the  closely 
allied  modem  plants  flourish  north  of  the  winter  isotherm 
of  52°  F.,  and  most  of  them  do  not  occur  north  of  the 
winter  isotherm  of  60**  F.  None  of  the  fossil  forms  except 
possibly  the  Potamogeton  y  the  modem  species  of  which 
range  over  a  great  many  degrees  of  latitude,  or  the  Caa- 
taneaj  which  likewise  has  a  wide  rtinge,  would  be  expected 
to  occur  outside  the  latitudes  where  what  Schimper  calls 
the  subtropical  or  warm  temperate  rain  forests  are  found. 
We  would  expect  the  Claiborne  climate,  at  least  at  low 
elevations  along  the  coast  and  in  proximity  to  the  warm 
Eocene  ocean  current  or  currents,  to  have  been  uniformly 
humid,  with  an  annual  rainfall  somewhere  between  159 
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and  200  centime  ten.  The  actual  rainfall  could  become  a 
more  or  less  negligible  factor  provided  the  water  table 
approached  close  to  the  surface  and  the  humidity  was 
high  and  constant.  The  temperature  would  have  to  be 
uniform  rather  than  hot,  judging  by  modem  standards, 
for  any  degree  of  winter  cold  would  have  been  fatal.  The 
climate  need  not  have  been  tropical,  nor  would  it  be  sur- 
prising if  the  Claiborne  marine  fauna  failed  to  show 
tropical  forms  or  reef  corals,  for  the  main  factors  which 
would  limit  the  spread  of  a  flora  like  the  one  described 
would  be  uniform  humidity,  ample  rainfall,  and  the 
absence  of  severe  cold. 

As  might  perhaps  be  expected,  there  is  com- 
paratively little  identity  of  species  between  the 
Green  River  flora  and  early  Eocene  floras.  At 
one  time  it  was  thought  that  there  were  several 
"Laramie"  species  that  persisted  into  the 
Green  River,  but  as  shown  in  another  place 
this  belief  was  due  to  a  small  collection  of 
obviously  older  forms  for  which  the  locality 
label  had  been  either  "lost  or  forgotten"  and 
which  were  wrongly  placed  in  the  Green  River. 

According  to  the  books  the  following  species 
have  been  foimd  common  to  the  Green  River 
and  Fort  Union  formations: 

Lygodium  kaulfussii. 
Juglans  occidentalis. 
Quercus  castanopsia. 
Ficus  ungeri. 
Zizyphus  cinnamomoidee. 
Andromeda  delicatula. 

The  Fort  Union  flora,  however,  is  much  in 
need  of  critical  revision,  and  it  is  probable  that 
when  this  revision  is  made  it  will  be  found  that 
some  of  these  species  were  misidentified. 

A  single  Green  River  species  {Juglans 
crossii)  has  been  reported  in  the  Hanna  forma- 
tion of  south-central  Wyoming. 

So  far  as  known  no  species  has  been  found 
common  to  the  Green  River  flora  and  those  of 
the  Arapahoe,  Denver,  Raton,  or  Lance  forma- 
tions. One  Green  River  species  {Rhus  affinis) 
has  been  reported  from  the  Wilcox  flora,  but  as 
Berry  seriously  questions  the  identification  it 
can  not  be  considered  of  much  importance. 
Another  Green  River  species  {Ficus  tenui- 
nervis)  has  been  identified  in  the  lower  part 
of  the  Clamo  formation  of  Oregon,  and  another 
{Sapindtis  ohtusifolius)  in  the  Mascall  (Miocene) 
formation  of  Oregon. 

Although  Lesquereux  referred  the  Florissant 
lake  beds  to  the  Green  River  formation,  the 
present  revision  has  shown  only  one  species 
{Amygdalus  gra<dlis)  as  common  to  the  two, 
and  even  this  is  open  to  some  question. 


BIOLOGIC  AND  ECOLOGIC  INTERPRETATION  OF 

THE  FLORA. 

Although  the  known  flora  of  the  Green  River 
formation  is  still  rather  small,  it  includes  a  num- 
ber of  species  that  are  of  considerable  biologic 
interest,  and  it  is  perhaps  large  enough  to  per- 
mit the  drawing  of  at  least  tentative  conclu- 
sions regarding  the  climatic  conditions  under 
which  it  flourished.  As  already  pointed  out, 
the  great  bulk  of  the  formation  is  almost  if  not 
entirely  unfossiliferous,  but  where  any  fossils 
occur  in  it  they  are  generally  very  abundant. 
Thus,  the  so-called  fish  beds  near  the  town  of 
Green  River  have  yielded  many  thousands  of 
fish  remains,  as  many  as  a  hundred  occurring 
on  a  small  slab.  In  some  layers — for  example, 
in  the  layers  just  above  the  fish  beds  that  con- 
tain the  remains  of  palms — the  plant  remains 
are  so  matted  together  as  to  be  individually 
indistinguishable.  In  southwestern  Colorado 
the  fossiliferous  beds  associated  with  the  oil 
shale  contain  a  profusion  of  plant  and  insect 
remains.  As  already  stated,  the  study  of  the 
microscopic  flora  of  the  oil  shale  has  been  only 
partly  completed,  though  sufficient  to  show  the 
presence  of  bacteria,  blue-green  algae,  Proto- 
coccus,  Spirogyra,  saprophytic  fimgi,  mosses, 
ferns,  and  various  types  of  seed-bearing  plants. 
Some  of  these — perhaps  all  of  them — ^but  par- 
ticularly the  algae  appear  to  have  contributed 
to  the  accumulation  of  the  oil  in  the  shale. 
The  algae  are  said  to  occur  in  great  abundance 
and  in  a  very  perfect  state  of  preservation, 
which  would  imply  warm,  rather  shallow  wa- 
ter. The  great  mass  of  amorphous  undifferen- 
tiated vegetable  matter  in  the  oil  shale  indi- 
cates the  action  of  bacteria  in  its  reduction, 
which  could  hardly  have  taken  place  at  depths 
much  exceeding  20  feet.  There  is  little  evi- 
dence of  the  presence  of  moss  plants,  and  the 
presence  of  spores  must  have  been  more  or  less 
fortuitous,  for  the  mosses  are  plants  so  small 
and  inconsequential  that  their  spores  could 
hardly  have  been  much  of  a  factor.  The  moss 
spores,  the  spores  and  sporangia  of  ferns,  and 
the  pollen  of  conifers  must  have  been  blown 
from  adjacent  land,  and  hence  they  give  no 
indication  of  the  depth  of  water  in  which  they 
fell,  nor  of  the  temperature  at  which  they 
grew,  for  it  is  not  possible  from  available  data 
to  identify  the  types  of  plants  that  produced 
them. 
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Turning  now  to  the  plants  described  in  this 
paper,  we  have  at  least  three  distinct  forms  of 
leaf-spot  fungi,  occurring  on  three  types  of 
leaves — Myricaj  SapinduSj  and  Eiuxdyptus, 
They  have  the  same  general  appearance  as 
many  present-day  leaf-spot  fungi,  but  as  their 
spore  characters  can  not  be  made  out  their 
systematic  position  is  subject  to  more  or  less 
question.  Their  requirements  as  to  tempera- 
ture are,  of  course,  the  same  as  that  of  the 
leaves  on  which  they  grew. 

The  ferns  of  the  Green  River  formation  are 
represented  by  five  well-marked  forms,  some 
of  which  are  of  exceptional  interest.  Thus 
Danaea,  although  described  from  a  fragment, 
is  perfectly  authenticated  and  so  far  as  known 
is  the  first  example  of  the  livmg  type  to  be 
found  fossil.  This  genus  comprises  more  than 
25  living  species,  all  strictly  American,  rang- 
ing from  Cuba  and  southern  Mexico  to  Brazil. 
They  are  terrestrial  ferns  of  rather  coarse  habit, 
mostly  2  or  3  feet  in  height,  growing  in  the 
shade  in  moist  but  well-drained  tropical  val- 
leys and  slopes,  where  the  humidity  is  high 
and  constant.  The  fossil  form  seems  to  be 
most  clearly  related  to  a  species  living  on  the 
island  of  Trinidad.  Another  rather  striking 
Green  River  fern  is  Acrostichurrij  which  has 
only  three  living  species  living  in  tropical  tidal 
marshes  in  both  old  and  new  worlds.  Climb- 
ing ferns  of  the  genus  Lygodium  are  represented 
by  two  nominal  species  in  the  Green  River 
flora.  The  better  known  of  these  is  identified 
as  Lygodium  Jcanlfiissiij  a  form  first  described 
from  specimens  obtained  in  the  Miocene  of 
Thuringia  but  since  widely  known  from  col- 
lections in  Europe  and  this  country.  The 
genus  is  a  large  one  distributed  mainly  in  the 
Tropics  of  both  hemispheres,  especially  in 
coastal  thickets.  The  remaining  fern  of  the 
Green  River  flora  is  referred  with  question  to 
the  genus  Osmunda. 

The  Equisetacae  are  represented  by  a  single 
species  of  Equisetum  that  is  poorly  preserved 
and  can  not  be  of  much  value  in  the  present 
connection. 

With  the  exception  of  some  poUen  grains 
found  in  connection  with  the  oil  shale,  no 
remains  of  conifers  have  been  reported  from 
the  Green  River  formation. 

The  monocotyledons  are  better  represented, 
though  there  is  nothing  very  remarkable. 
There  are  the  usual  nondescript  forms  referred 


to  Arundo,  Cypenis,  and  CyperaciteSj  with  a 
doubtful  species  of  Juncus.  The  most  im- 
pressive things  are  the  palms,  of  which  there 
are  thrcie  nominal  forms  referred  to  different 
genera,  though  more  complete  material  may 
change  certain  of  these  references.  The  species 
of  Geonomites  and  Sabal  are  very  rare — in  fact, 
are  known  only  from  the  type  material — but 
the  form  referred  to  Flahettaria  was  very 
abundant  at  one  locality  and  of  large  size. 
The  leaves  are  so  matted  together  that  it  is. 
impossible  to  get  them  out  whole,  but  from 
many  fragments  studied  the  conviction  grows 
that  they  must  have  been  at  least  4  or  5  feet 
in  diameter.  They  had  a  long,  rather  slender, 
unarmed  petiole. 

The  family  Palmaceae,  which  comprises 
about  150  genera  and  1,000  species,  is  essen- 
tially tropical  and  about  equally  distributed 
in  the  Eastern  and  Western  hemispheres.  At 
the  present  time  the  highest  northern  latitude 
it  reaches  in  Europe  is  about  43°  and  the  high- 
est southern  latitude  about  45°  in  New  Zealand. 
A  few  species  extend  their  range  into  temperate 
regions,  and  some  can  even  endure  a  tempera- 
ture below  32°,  but  they  are  the  exception. 

Palms  were  introduced  at  least  as  early  as 
middle  Cretaceous  time  and  during  the  early 
part  of  the  Tertiary  period  had  attained  a  wide 
range,  occurring,  for  instance,  in  Grinnell  Land, 
Spitzbergen  (80°  north),  in  Greenland  (70°), 
and  in  this  country  in  Fort  Union  beds  near 
the  mouth  of  the  Yellowstone,  in  the  Puget 
group  of  Oregon  and  Washington,  in  the  Kenai 
formation  and  other  Eocene  beds  of  Alaska, 
in  the  Denver  and  Raton  formations  of  eastern 
Colorado  and  northeastern  New  Mexico,  and 
in  the  Wilcox  group  of  the  Gulf  region. 

The  two  remaining  monocotyledons  are 
MusophyUunij  based  on  large  but  fragmentary 
Musa-like  leaves  that  may  or  may  not  be  cor- 
rectly referred  to  the  Musaceae,  and  Pon- 
tederUeSj  a  newly  described  form  that  seems 
correctly  interpreted  as  ancestral  to  the  genus 
Pontederia.  The  Pontederiaceae  are  a  small 
American  family  of  5  genera  and  about  25 
species  living  in  warm  and  temperate  regions. 
Pontederia  is  a  variable  aggregation,  by  some 
regarded  as  a  single  species;  others  recognize 
two  species,  one  confined  to  North  America 
and  one  to  South  America;  but  the  latest  view 
inclines  to  the  recognition  of  seven  or  eight 
species.     The  North  American  species   (Poti- 
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tederia  cofdata  Linn6),  the  well-known  pickerel 
weed,  ranges  from  Nova  Scotia  to  Minnesota 
and  south  to  Florida  and  Texas.  It  grows 
in  shallow  fresh  water.  The  leaf  of  the  Green 
River  form  is  certainly  very  similar  to  the 
living  form. 

The  Salicales  are  represented  in  this  flora  by 
four  forms  of  Salixj  two  of  which  are  so  frag- 
mentary that  they  have  not  been  given 
specific  names.  The  others  are  small,  narrow, 
rather  nondescript  leaves  that  it  is  diflBcult 
to  place  satisfactorily.  They  appear  to  be 
willow  leaves,  but  their  aflinities  are  more  or 
less  doubtful.  Hence  any  conclusions  as  to 
their  ecologic  conditions  must  be  more  or  less 
tentative. 

The  Myricales  are  represented  by  six  forms 
of  Myrica  and  a  single  anomalous  and  more  or 
less  doubtful  leaf  referred  to  Comptonia.  The 
five  species  of  Juglans  representing  the  Jug- 
landaceae  are  not  particularly  noteworthy,  nor 
is  the  single  species  of  QuerctLS  which  represents 
the  Fagaceae.  The  single  species  of  Planera, 
of  the  family  Ulmaceae,  was  a  very  abundant 
plant  in  the  Green  River  and  seems  to  be  very 
well  authenticated.  The  three  species  of  Ficus 
representing  the  Moraceae  were  not  apparently 
very  numerous,  but  one  {Ficus ^  ungeri)  had 
large,  fine  leaves.  The  Proteaceae  are  question- 
ably represented  by  a  single  species  of  Lomatia. 
The  type  specimens  are  lost,  and  the  generic 
reference  is  more  than  doubtful.  They  might 
be  leaflets  of  some  mimosaceous  or  Sapindus- 
Uke  form.  To  the  Lauraceae  are  referred  two 
genera  {Oreodaphne  and  Pimelea)^  each  with  a 
single  species  and  each  based  on  a  single  speci- 
men. The  species  of  Pimelea  is  rather  closely 
related  to  a  species  from  the  Florissant  lake 
beds.  The  species  of  Brasenia,  the  sole 
representative  of  the  Nymphaeaceae,  seems 
well  authenticated.  Brasenia  is  a  monotypic 
genus  of  aquatic  perennial  plants  foimd  in 
North  America,  Cuba,  eastern  and  tropical 
Asia,  western  tropical  Africa,  and  Australia. 
The  Crassulaceae  are  doubtfully  represented 
by  a  species  referred  with  question  to  Sedum^ 
but  the  resemblance  may  be  only  superficial. 
The  single  species  of  Amygdalus  is  involved  in 
so  much  doubt  that  it  is  hardly  worth  while 
discussing  its  affinities.  The  Papilioiiaceae  are 
represented  by  two  species  of  Ualbergia  and  one 
each  of  Sophora  and  Leguminosites,  and  the 
Mimosaceae    by    one    species    of     Mimosites, 


These  are  all  small,  narrow  leaves  or  leaflets 
and  if  correctly  identified  would  seem  to  indi- 
cate a  moist  lowland  habitat.  The  living 
species  of  these  genera  are  very  nimierous  and 
are  widely  scattered  over  the  warmer  parts  of 
both  hemispheres,  being  especially  abundant 
on  all  tropical  seashores.  In  the  order  Gera- 
niales  the  Simarubaceae  are  represented  by  a 
very  well  authenticated  species  of  Ailanthus, 
though  the  connection  between  the  leaf  and 
the  winged  fruit  may  be  imcertain.  AUanthus 
is  not  now  a  native  of  the  Western  Hemisphere, 
the  seven  living  species  being  confined  to 
eastern  Asia  and  the  East  Indies.  They  are 
at  home  in  warm  or  subtropical  temperatures. 
The  order  Sapindales  is  represented  by  sev- 
eral families  in  the  Green  River  flora.  Of 
these  the  Anacardiaceae  claim  four  species  of 
Rhus.  This  family  numbers  about  60  genera 
and  450  living  species  of  trees  and  shrubs  and  is 
present  in  the  Tropics  and  subtropics  of  both 
hemispheres,  being  specially  abundant  in  Ma- 
laysia. Rhus  is  the  only  genus  of  the  family 
found  outside  the  Tropics.  The  Celastraceae 
are  represented  by  a  single  species  of  Euonymus, 
This  genus  has  about  60  living  species,  widely 
distributed  throughout  the  Northern  Hemi- 
sphere, but  is  most  abundant  in  the  Asiatic 
Tropics  and  in  Japan  and  China.  The  Sapin- 
daceae,  represented  in  the  Green  River  by  four 
species  of  SapinduSy  constitute  a  very  large 
family  of  over  100  genera  and  1,000  species. 
They  are  mostly  confined  to  tropical  or  sub- 
tropical regions.  The  Ilicaceae  comprise  only 
five  genera  and  less  than  200  species.  The 
principal  genus  is  Ilex,  which  is  found  in  nearly 
all  tropical  and  temperate  regions  and  is  repre- 
sented in  the  Green  River  flora  by  three  species. 
In  the  order  Rhamnales  the  family  Rhani- 
naceae  includes  about  50  genera  and  500  living 
forms,  mainly  of  the  Tropics  but  a  few,  among 
them  Rhamnus,  extending  into  temperate 
regions.  The  only  genus  of  this  family  repre- 
sented in  the  Green  River  flora  is  Zizyphus, 
with  two  well-marked  species.  There  are 
about  40  living  species  of  Zizyphus,  mainly 
shrubs  or  small  trees,  of  warm  temperate 
regions,  with  a  few  in  the  Tropics  of  both  hemi- 
spheres. The  Vitaceae  comprise  about  a 
dozen  genera  and  nearly  500  species,  mainly 
tropical  or  subtropical,  though  a  few,  such  as 
Vitis,  extend  into  temperate  regions.  Cissus 
is  the  largest  genus,  including  250  species,  all 
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or  nearly  all  tropical.  Inasmuch  as  the  Euca- 
lyptus in  the  Green  River  flora  is  questioned 
there  is  perhaps  no  necessity  for  going  further 
into  the  history  of  this  family.  The  final 
family  that  needs  to  be  considered  is  the  Arali- 
aceae,  represented  in  the  Green  River  flora  by  a 
very  well-defined  species  of  Aralia.  This  fam- 
ily embraces  about  50  genera  and  over  500 
species,  mainly  tropical,  but  a  considerable 
number  extend  into  temperate  regions,  espe- 
cially in  North  America  and  eastern  Asia. 

The  remaining  forms  are  referred  to  the 
genera  AntkolitheSf  Carpolithus,  Carpites,  Phyl- 
liteSy  and  Achaenites  and  need  not  be  further 
discussed.  The  species  of  Achaenites  is  note- 
worthy in  that  it  appears  to  indicate  with  much 
certainty  the  presence  of  the  great  group  of 
Compositae. 

From  the  foregoing  account  it  appears  that 
an  overwhelming  preponderance  of  the  living 
forms  in  the  f amiUes  represented  in  the  Green 
River  flora  are  inhabitants  of  tropical  or  sub- 
tropical regions,  many  of  them  in  both  hemi- 
spheres, yet  a  considerable  number  include 
either  genera  or  species  that  extend  into  tem- 
perate regions.  There  is  some  evidence  to 
show  that  there  were  at  least  two  ecologic 
provinces  in  Green  River  time.  Thus,  there 
are  a  number  of  the  genera  that  are  of  the  low- 
land type,  such  as 


Lygodium 

Lomatia 

Acroetichum 

Pimelea 

Danaea 

Oreodaphne 

Ofimunda 

Dalbergia 

Anindo 

Leguminosites 

Cyperus 

Sophora 

Geonomites 

Mimosites 

Sabal 

Allan  th!]R 

Flabcllaria 

Sapindus 

Pontederites 

Eucalyptus? 

Musophylhim 

Aralia 

Planera 

Braeenia 

FicuB 

There  are  other  genera  that  seem  to  find  a 
more  congenial  home  on  higher  ground.  These 
are 


Salix 

Acer? 

Myrica 

Zizyphus 

Comptonia? 

Ilex 

Juglans 

Andromeda 

Quercus 

Sambucus? 

Rhus 

This  division  is  not  a  very  satisfactory  one, 
and  the  assignments  may  not  all  be  valid,  but 
there  were  evidently  some  differences  in  the 


conditions  under  which  the  several  elements 
were  found.  The  physical  setting  can  be 
pictured  somewhat  as  follows:  About  the 
shores  of  the  lake  were  certain  flat,  low-lying 
areas,  some  of  them  probably  swampy,  others 
sandy,  whereon  grew  the  palms,  figs,  Lomatia, 
Oreodaphne,  hackberries,  the  several  papiUona- 
ceous  trees  and  shrubs,  the  ferns,  grass,  sedge, 
etc.,  and  in  the  water  the  pickerel  weed,  Bra- 
senia,  algae,  etc.  On  the  adjacent  somewhat 
higher  land  might  have  been  the  willows, 
waxberries,  sweet  fern,  walnuts,  oaks,  sumacs, 
maples  ( ?) ,   hollies,   etc. 

The  conditions  of  temperature  and  moisture 
under  which  the  Green  River  flora  flourished 
are  somewhat  difficult  of  interpretation,  as 
there  is  seemingly  more  or  less  conflict  between 
the  elements  of  the  flora.  The  nearest  living 
relatives  of  certain  of  the  genera  that  are 
believed  to  have  inhabited  the  lowlands,  such 
as  Lygodium,  Acroetichum,  Daruiea,  Geono- 
mites,  Sdbal,  FlaheUaria,  MusophyUum,  Plav^ 
era,  Ficus,  Lomaiia,  Pimelea,  Oreodaphne,  the 
leguminous  genera,  and  possibly  Sapindus, 
Eucalyptus,  and  Aralia,  are  found  mainly  in 
subtropical  or  tropical  areas.  The  palms,  at 
least  one  species  of  which  existed  in  abundance, 
could  hardly  have  lived  where  the  tempera^ 
ture  fell  below  42®  F.  and  probably  not  even 
where  it  was  considerably  higher  than  this. 
Certain  of  the  other  genera,  such  as  Osmunda^ 
Arundo,  Cyperus,  Aralia,  and  Brasenia,  might 
have  withstood  frost,  for  although  the  species 
of  these  genera  are  largely  tropical  or  sub- 
tropical they  include  species  that  extend  into 
temperate  regions.  All  things  considered  it 
seems  probable  that  this  lowland  flora  must 
have  required  a  temperature  that  was  at  least 
warm  temperate  and  possibly  bordered  on 
subtropical. 

The  upland  flora,  including  such  genera  as 
Saliz,  Myrica,  Juglans,  Quercus,  Rhus,  Acer, 
and  Ilex,  could  well  have  withstood  some 
degree  of  frost,  but  on  the  other  hand  all  these 
genera  contain  species  that  could  find  a  con- 
genial habitat  in  a  warm  temperate  region. 
It  is  doubtful  if  any  of  them  had  to  withstand  . 
cutting  frosts. 

The  inferences  to  be  drawn  regarding  the 
climatic  requirements  of  the  insect  fauna  are  in 
substantial  accord  ^dth  those  suggested  by  the 
flora.  I  am  informed  by  Prof.  T.  D.  A.  CockercU 
that  the  known  insect  fauna  of  the  Green  River 
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u\inlim  now  numbem  296  species*    Concerning 

this  fauna  he  says : 

Thu  rmlly  dominsnt  and  r'hars^^terutic  iiuects  of  the  ' 
(irwm  liivtir  nhaUm,  if  any  nwh  ran  be  specially  desig-  | 
n^Uuit  am  the  Vn\i^<mt\iUif  whirh  have  a  motti  distinrtly 
trr;[>i/'al  »M\ftn'i  and  in  many  ctuum  chmely  refiemble  living? 
tropi/'al  f^i^nifftL.  The  oihtfr  groupn  of  infler^tA  do  not  ap- 
p4«r  tropiral,  though  (me  of  the  dragon-fly  genera  in  rlofiely 
r<flate<l  if)  a  ne^itropiral  one.  The  dragon  flies,  caddis  flies, 
et<',,  indicate  that  there  was  plenty  of  fresh  water,  but  it 
does  not  follow  that  thf^se  breed  in  the  lake. 

Alexander,**  the  well-known  authority  on 
the  crane  fli(*s,  has  the  following  to  say  regard- 
ing the  geologic  history  of  this  group: 

ThD  North  Anierii'sn  Eocene  and  Miocene,  as  repre- 
sftnte<l  by  the  WhiU)  lUver  and  Green  River  beds  and  the 
Florissant  shales,  respectively,  give  evidence  of  having 
ha<l  a  northern  [tipulid]  fauna,  especially  the  Eocene. 
This  is  wi  11  shown  by  the  great  development  of  the  Cylin- 
drotominae,  which  in  the  White  River  basin  almost 
dominated  the  crane-fly  fauna  during  the  Eocene.  It 
seems  j)robable,  moreover,  that  the  group  was  forced 
into  colder  regions  of  the  globe  during  the  Oligocene, 
when  the  tropical  element  reache<l  far  north.  No  group 
of  crane  flies  that  can  be  considered  tropical  has  yet  been 
found  in  the  Florissant  bods.  On  the  other  hand,  the 
Europmn  ()lig(M*eno,  us  shown  by  the  (tarnet  Day  beds  and 
the  lower  Oligocene  Baltic  amber,  has  a  considerable 
tit)pi(*al  element  apparent. 

From  these  statomenta  it  appears  that  the 
evidence  of  the  insects  is  practically  the  same 
as  that  of  the  plants,  namely,  they  comprise 
a  certain  element  that  indicates  tropical  sur- 
roundings, and  another,  or  others,  that  indi- 
cate cooler,  perhaps  temperate  conditions. 

THE  FLORA. 

Phylom  THALLOPHTTA. 

Class  FUNQI. 

Series  ASCOMTCSTXS. 

Order  LABOXTLBIUALXS. 

Family  LABOXTLBILIACXAS. 

Qenus  GASMOMTCSS  Berry. 

(^enomyces  eucalyplae  Knowlton,  m  sp. 

Plato  XX XVl.ticim^s^J,*). 

I  follow  Berry  in  adopting  dutiomijas  as 
the  geuerio  name  of  this  loaf-spot  fungus. 
IWrrvV  dt^oription^'  is  as  follo\\'s: 

l*h*»  i^w^uiv  of  sjxni«  ot  vlirtort'nt  shaj^^  on  the  leaver 
W  'A»«^l  l^aut^*  i*  t*\v^HsUucly  vxnr.invn.  and  a  ver>-  lar^^ 

»•  VIMcViwkM.  0.  l\.  Th*  cr^^«^  :•.<*<  v^  New  Y.Tk.  pt.  1:  v  ort:^:!  .  iiiv. 
x    kMi^.  K,  \V..  V,  S.  Ki^oi,  Survey  lYot  i>H>*fr  K.  p.  1-52.  l^l-x 


namber  of  00-oalled  species  of  fonil  leaf-qwt  fungi  have 
l>een  described  by  EttingshAUsen,  Heer,  Saportai,  and 
othen.  ♦  ♦  ♦  The  identificatioD  of  these  fosnl  fomm 
obvun»ly  rests  on  a  very  insecure  foundation,  especially 
when  it  is  recalled  that  scale  insects  and  a  great  variety  of 
insect  galls  would  resemble  epiphyllous  fungi  when  pre* 
served  on  impressions  of  fossil  leaves.  Neverth^ess,  laige 
numbers  of  undoubted  fungi  are  preserved  in  this  manner, 
and  it  is  the  legitimate  duty  of  the  paleobotanicrt  to 
describe  and  illustrate  them.  In  order  to  accomplish  this 
work  without  unwarranted  definiteness  in  generic  classifi- 
cation,  I  propose  the  term  Catnomycet  as  a  form  genus  for 
leaf -spot  fungi  of  Cenozoic  age  whose  precise  botanic  afifin- 
ities  can  not  be  determined. 

One  of  the  leaves  of  Eucalyptus t  amerieanus 
from  western  Colorado  shows  about  twenty 
very  well  preserved  leaf  spots,  apparently 
caused  by  a  fungus.  They  are  circular,  are 
about  1.5  or  2  millimeters  in  diameter,  and 
have  an  outer  black  ring  perhaps  0.05  milli- 
meter in  width  under  which  the  substance 
of  the  leaf  has  shrunken.  The  center  of  the 
ring  is  elevated,  and  on  the  top  of  this  in  the 
center  are  several  black  pustules  evidently 
where  the  mature  spores  are  being  or  about  to 
be  discharged. 

The  disposition  and  general  appearance  of 
these  leaf  spots  is  shown  in  figure  8  natural 
size,  and  one  of  the  most  perfect  spots  in 
figure  9,  which  is  enlarged  six  times. 

Occurrence:  Green  River  formation,  on 
leaf  of  Eucalyptus  t  americanus  Lesquereux, 
Cathedral  Bluff,  south  of  Little  Tommies 
Draw,  about  20  miles  west  of  Rio  Blanco 
post  ofiicc,  Rio  Blanco  County,  Colo.,  collected 
by  D.  E.  Winchester,  1917. 

Caenomyces  sapindicola  Knowlton,  n.  sp. 

Plate  XXXVI,  figure  10. 

The  type  leaflet  of  Sapindus  uinchesttri  (PI. 
XXX\'1II,  fig.  1)  shows  the  presence  of  several 
leaf -spot  fungi.  The  spots  are  circular,  1.5  to 
2  millimeters  in  diameter,  and  some  show  an 
inner  ring  with  a  slightly  raised  central  portion. 
It  is  cvidentlv  not  mature  and  is  so  obscure 
that  it  is  hardly  worthy  of  mention  except  to 
call  attention  to  the  presence  of  fungi  of  this 
general  type  on  Sapindus, 

Occurrence :  Green  River  f onnation^  on  type 
leallot  of  Sapindus  }rinchestfri  Knowlton, 
oil  shale.  Smith  ranch,  on  Greasewood  Creek, 
about  40  miles  southwest  of  Meeker,  Coloc, 
collected  bv  D.  E.  Winchester.  1917. 
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Older  SPHAEBIALES. 
FamUy  SPHA£RIACEAS. 
Sphaerites  myrtcae  (Lesquerenz)  Meschinelli. 

SphaerUes  myricae  (Lesquereux)  Meschinelli,  Sylloge  fun- 

gonim  foesilium,  p.  23,  1892. 
Spheria  myricae  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 

Terr.  Ann.  Rept.  for  1872,  p.  390,  1873;  U.  S.  Geol. 

Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  34, 

pi.  1,  fig.  4,  1878. 

This  species  was  first  described  from  speci- 
mens collected  at  Black  Buttes,  Wyo.,  where  it 
was  f omid  on  leaves  of  Myrica  torreyi  Lesque- 
reux. It  was  later  found  at  Green  River, 
Wyo.,  on  leaves  of  Myrica  nigricans  (now  Rhus 
nigricans). 

It  was  described  by  Lesquereux  as  follows: 
"Perithecia  punctiform,  minute,  either  sparse 
or  in  a  circle,  forming  roimd  spots'*  about  a 
millimeter  in  diameter,  "  the  center  of  which  is 
clear  and  of  a  light  color.''  It  may  be  the 
same  as  Casnomyces  eucaXyptae,  described  on 
page  148,  but  as  it  can  not  be  certainly  identified 
with  that  species  it  is  permitted  to  stand  as 
left  by  Lesquereux. 

Occurrence:  Green  River  formation,  Green 
River,  Wyo.,  on  leaves  of  Myrica  nigricans 
Lesquereux.  "Post-Laramie"  (type>,  Black 
Buttes,  Wyo. 

Phylum  PTESIDOPHYTA. 

Class  FILICES. 

Order  FUJCALES. 

Family  POLYPODIACEAE. 

Acrostichnm  hesperium  Newberry. 

Acroitichum  hesperium  Newberry,  U.  S.  Nat.  Mus.  Proc, 
vol.  5,  p.  503,  1882  [1883];  U.  S.  Geol.  Survey  Mon. 
35,  p.  6,  pi.  61,  figs.  2-5,  1898. 

The  illustrated  types  of  this  splendid  fern  are 
all  preserved  in  the  United  States  National 
Museum  (Nos.  7013-7016). 

Occurrence:  Green  River  formation,  Green 
River,  Wyo.,  collected  by  C.  A.  White. 

Family  SCHIZAEACEAS. 
Lygodium  kaulf^ssii  Heer. 

Plate  XXXVI,  figure  7. 

Lygodium  haulfussii  Heer,  Beitrfige  zur  n£lhem  Kenntniss 

der  sftchBisch-thuringischen   Braunkohlenflora,   p. 

400,  pi.  8,  fig.  21;  pi.  9,  fig.  1,  1861. 
Newberry,  U.  S.  Geol.  Survey  Mon.  35,  p.  1,  pi.  62, 

figs.  1-4,  1898. 
Knowlton,  U.  S.  Geol.  Survey  Mon.  32,  pi.  2,  p.  672, 

pi.  80,  figs.  1,  2,  1898. 


Lygodium  neuropteroides  Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1870,  p.  384, 
1871;  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Ter- 
tiary flora),  p.  61,  pi.  5,  figs.  4-7;  pi.  6,  fig.  1,  1878. 

The  genus  Lygodium  is  so  characteristic 
in  shape  and  nervation  that  with  reasonably 
adequate  material  it  is  easily  and  certainly 
identified.  Its  presence  in  the  Green  River 
formation  was  first  made  known  by  Les- 
quereux, who  described  and  figured  Lygodium 
neuropteroides.  Subsequently  a  very  large 
number  of  very  well  preserved  examples 
were  procured  from  the  Green  River  formation 
by  J.  S.  Newberry.  These  were  identified 
as  Lesquereux's  species,  and,  as  Newberry 
said,  ''They  illustrate  the  growth  of  the  plant 
far  better  than  those  he  figured.  Coming 
all  from  the  same  locality,  indeed  thickly 
impacted  together  and  having  the  same 
nervation,  they  unquestionably  represent  a 
single  species.  *' 

Before  Newberry's  account  was  published, 
however,  Gardner'*  published  an  account  of 
British  Eocene  ferns  in  which  he  pointed  out 
the  identity  of  Lesquereux's  Lygodium  new- 
ropteroides  with  Heer's  Lygodium  Icaulfussii, 
and  this  view  was  accepted  by  both  Les- 
quereux and  Newberry.  Lesquereux  was 
shown  specimens  of  the  true  Lygodium  kavl- 
fussii  and  pronoimced  them  "positively  iden- 
tical" with  his  species  from  the  Green  River 
formation.  If  there  is  any  diflFerence  it  is 
that  the  American  specimens  are  somewhat 
more  robust  and  have  slightly  broader  and  less 
undulate  lobes,  but  the  differences  are  not 
gre^t. 

Newberry'®  also  reported  Lygodium  leaves 
from  Fletts  Creek  and  Carbonado,  Wash. 
[Puget  group],  which,  he  said, 

offer  no  characters  by  which  they  can  be  distinguishe4 
from  those  found  in  the  Green  River  group,  and  it  seems 
to  me  probable  that  we  have  in  all  these  specimens  relics 
of  one  of  those  widespread  and  long-lived  species  which 
occur  at  di£Perent  geological  horizons  among  both  animal 
and  plant  remains. 

Newberry's  conclusion  has  since  been  verified 
by  the  finding  of  specimens  identified*"  as 
Lygodium  Jcaulfassii  on  Elk  Creek,  in  the 
Yellowstone  National  Park,  in  beds  believed 
to  be  of  Fort  Union  age,  and  also  on  the  bank 

M  Oardner,  J.  S.,  British  Eocene  flora,  pt.  1,  Filioes,  p.  47,  pb.  7, 1884. 
»  Newberry,  J.  8.,  U.  8.  Oeol.  Survey  Mon. 35,  p.  3, 1898. 
«  Knowlton,  F.  H.,  U.  8.  Oed.  Survey  Mon.  32,  pt.  2,  p.  872,  pi.  80, 
figs.  1-3,  1896. 
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of  Lamar  River  between  Cache  and  Calfee 
creeks,  in  beds  of  Miocene  age.  The  specimens 
from  Elk  Creek  are  as  lai^e  as  the  largest 
specimens  from  Green  River  figured  by  New- 
berry, and  the  specimens  from  Lamar  River 
are  about  the  size  of  the  smaller  ones  figured 
by  Newberry. 

The  collections  from  the  Green  River  shales 
made  by  D.  E.  Winchester  in  northwestern 
Colorado  include  a  number  of  specimens  of 
Lygodium  Jcaulfussii  that  are  xmdoubtedly 
identical  with  certain  of  the  smaller  ones 
figured  by  Newberry.  Only  one  of  these 
has  been  figured  here. 

Occurrence:  Green  River  formation,  Green 
River,  Wyo.,  collected  by  C.  A.  White  about 
18791;  Barrel  Springs,  Wyo.,  type  locality 
for  Lygodium  neuropteroides,  collected  by  F. 
V.  Hayden,  1870;  spring  on  Little  Duck 
Creek,  Rio  Blanco  County,  Colo.,  and  sec.  33, 
T.  4  S.,  R.  100  W.,  Colo.,  collected  by  D.  E. 
Winchester,  1917. 

Lygodium  dentoni  LecMinereiiz. 

Lygodium  dentoni  Lesquereux,  U.  S.  Geol.  and  Geog.  Sur- 
vey Terr.  Bull.,  vol.  1,  p.  383,  1875  [1876];  U.  S. 
Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p. 
63,  pi.  66,  fiigs.  12,  13,  1878. 

The  status  of  this  species  is  unsatisfactory. 
The  type  specimens  are  now  lost,  and  our 
knowledge  of  it  depends  on  the  two  fragments 
figured  by  Lesquereux.  It  appears  to  be  a 
Lygodium,  but  it  is  so  fragmentary  that  there 
is  little  use  in  attempting  comparison  with 
other  species. 

Occurrence:  Green  River  formation (?), 
mouth  of  White  River,  Wyo. 

FamUy  OSMUNDACEAS? 
Osmiuida?  sepnlta  (Newberry)  Knowllon,  n.  comb. 

Pecopteris  (Phegopteris)  sepulta  Newberry,  U.  S.  Nat.  Mus. 
Proc,  vol.  5,  p.  503,  1883. 

Pecopteris  (Cheilanthes)  aepuUa  Newberr>',  U.  S.  Geol.  Sur- 
vey Mon.  35.  p.  12,  pi.  62,  figs.  5,  5a,  6,  1898. 

Described  as  follows  by  Newberry: 

Frond  small,  delicate,  pinnate;  lower  pinnae  straight, 
broadly  linear  in  outline,  rounded  above,  attached  to  the 
rachis  by  the  whole  breadth  of  base;  margins  strongly 
lobed  by  the  confluent  pinnules,  1  centimeter  wide  by  5  cen- 
timeters long;  upper  pinnules  crowded,  conical  in  outline, 
gently  curved  upward,  with  waved  or  lobate  margins; 
pinnules  united  by  one- third  of  their  length,  oblong,  ob- 
tuse; basal  ones  on  lower  side  round,  on  the  upper  side 
flabellate,  both  attached  by  all  their  lower  margin  to  the 


rachis  of  the  frond ;  nervation  strong  and  wavy,  consisting 
of  one  many-branched  nerve  stem  in  each  pinnule,  each 
branch  once  or  twice  forked ;  fructification  unknown. 

The  two  figured  types  of  this  species  are  in 
the  United  States  National  Museum  (Nos.  7042, 
7043).  Of  course  Newberry  recognized  the 
fact  that  this  fern  should  properly  be  referred 
to  a  modem  genus,  and  pending  the  determina- 
tion of  what  that  genus  should  be  he  referred  it 
temporarily  to  Pecopteris.  At  different  times 
in  considering  this  species  Newberry  employed 
Phegopteris  and  CTieHanthes  as  subgenera,  and 
in  his  final  discussion  of  its  possible  affinities  he 
mentioned  Gleicheniay  but  in  the  absence  of 
fructification  all  were  dismissed  as  improbable. 

I  have  ventured  to  transfer  this  form  tenta- 
tively to  the  genus  Osmunda,  as  it  seems  to 
agree  in  a  niunber  of  respects  with  certain  fossil 
species  that  have  been  so  referred.  We  still 
lack  the  fruit,  and  in  its  absence  any  reference 
is  more  or  less  open  to  uncertainty,  but  it  is 
impossible  to  permit  this  form  to  remain  under 
Pecopteris, 

Occurrence:  Green  River  formation,  Green 
River,  Wyo.,  collected  by  C.  A.  White. 

Order  MABATTIALES. 
FamUy  MARATTIACEAB. 

Danaea  coloradensis  Knowlton,  n.  sp. 

PUte  XXXVI,  figure  4. 

This  species  is  based  on  the  impression  of  the 
imder  side  of  the  terminal  portion  of  a  pinnule 
in  fruit.  Its  length  is  about  13  millimeters 
and  its  width  4  millimeters,  and  as  it  is  broken 
squarely  across  the  base  there  is  strong  pre- 
sumptive evidence  that  it  was  considerably 
longer  when  living.  It  was  evidently  thick 
and  fleshy  and  had  a  very  strong  midrib,  and 
the  synangia  are  closely  packed  on  either  side, 
though  not  quite  reaching  the  margin,  where 
there  is  a  distinct  fleshy  rim.  As  the  apical 
pores  of  the  sporangia  do  not  show  it  is  pre- 
siuned  that  the  fruit  was  not  quite  mature. 

Among  living  species  it  appears  to  approach 
most  closely  in  size  and  general  appearance 
Danaea  fendleri  Underwood,  of  the  Island  of 
Trinidad,  but  it  differs  specifically  in  having  the 
synangia  relatively  very  broad  and  short. 

The  genus  Danaea  is  represented  by  about 
25  species  confined  to  tropical  America  from 
Cuba  and  southern  Mexico  to  Brazil.  They 
are  terrestrial  ferns  of  rather  coarse  habit  and 
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are  dimorphous,  with  simply  piimate  fronds 
(simple  in  one  species)  with  linear  segments 
bearing  parallel  linear  synangia,  each  com- 
posed of  two  rows  of  closely  packed  sporangia 
opening  by  a  terminal  pore.  These  fruiting 
characters  are  so  strongly  marked  that  there 
is  little  difficulty  in  recognizing  a  fossil  form 
that  is  adequately  preserved. 

The  species  here  described  is  not  only  the 
first  North  American  fossil  form  to  be  made 
known,  but  it  is  apparently  the  only  fossil 
species  thus  far  described  from  any  part  of  the 
world  that  is  reasonably  authenticated.  Thus, 
Kacyborski  **  described  a  species  from  the 
Jurassic  of  Krakow,  Poland,  under  the  name 
Danaea  micropJiyUa,  but  it  has  the  outline,  size, 
and  nervation  of  a  Taeniopteris  (cf .  T,  parvula 
Heer) .  The  fruit  as  figured  may  entitle  it  to  be 
included  in  the  Marattiaceae,  but  it  is  so  unlike 
the  fruit  of  Danaea  that  it  can  hardly  be  placed 
in  this  genus.  Several  Carboniferous  species 
were  described  originally  under  the  name 
Danaea,  but  they  have  later  and  more  correctly 
been  referred  to  Danasites,  Dan/oeopsisy  etc. 

The  Marattiaceae  are  supposed  to  be  of  very 
ancient  lineage — in  fact,  up  to  a  decade  or  so 
ago  it  was  commonly  believed  that  they  formed 
a  dominant  element  in  the  forests  of  the  coal 
age,  but  with  the  discovery  of  the  ^^  ever-widen- 
ing territory  of  the  pteridOsperms^'  they  have 
been  brought  more  or  less  in  question.  Arber 
says: 

• 

The  evidence,  formerly  regarded  as  beyond  suspicion, 
that  the  eusporangiate  ferns  formed  a  dominant  feature  of 
the  vegetation  of  the  Paleozoic  period  has  been  under- 
mined, more  especially  by  the  remarkable  discovery  of 
the  male  organs  of  Lyginodendron  by  Mr.  Kidston.  At 
best  we  can  only  now  regard  them  as  a  subsidiary  group 
in  the  epoch  of  the  past  history  of  the  vegetable  kingdom. 

Even  the  reproductive  organs  are  no  longer 
decisive  unless  the  seeds  are  found,  for,  as 
Seward  says: 

We  can  not  in  most  cases  be  certain  whether  the  small 
fiporangium-like  bodies  on  fertile  pinnules  are  true  fern 
sporangia  or  the  micro-sporangia  of  a  heterosporous  pterido- 
sperm.  What  is  usually  called  exannulate  fern  sporan- 
gium ♦  ♦  ♦  has  no  distinguishing  features  which  can 
be  used  as  a  decisive  test.  The  microeporophylls  of  the 
Mesozoic  Bennetti tales  produced  their  spores  in  sporangical 
compartments  grouped  in  s>iiangia  like  those  of  recent 
Marattiaceae. 

The  Pteridospermae  so  far  as  known  disap- 
peared with  the  end  of  the  Paleozoic  era,  and 

«  Racyborski,  Maryjan,  Pamietnik  Akad.  Umiejetn.,  vol.  18,  p.  155, 
pi.  6,  figs.  1-6, 1894. 


the  marattiaceous  type  was  carried  on  to  the 
present  by  sparsely  represented  forms,  such  as 
Marratiopsis,  Danaeopsis,  Bernouillia,  and  per- 
haps Naihorslia  of  the  Lower  Cretaceous  of 
Greenland,  and  a  supposed  Tertiary  species  of 
MaraMia  {M,  hookeri  Gardner  and  Etting- 
hausen)  from  the  Eocene  of  the  Isle  of  Wight. 
It  is  therefore  of  interest  to  be  able  to  add  an- 
other step  in  the  recorded  progress  from  the 
Paleozoic  to  the  present  in  the  shape  of  an 
undoubted  Danaea  from  the  middle  Eocene  of 
America. 

This  specimen  has  been  submitted  to  Mr.  Wm. 
R.  Maxon,  of  the  United  States  National  Her- 
barium, and  he  pronounces  it  unqualifiedly  as 
referable  to  Danaea. 

Occurrence:  Green  River  formation,  oil  shale, 
Rio  Blanco  County,  about  40  miles  southwest  of 
Meeker,  Colo.,  collected  by  D.  E.  Winchester, 
1917. 

Order  EQXnSSTALES. 
Family  EQXnSETACEAS. 

Equisetnm  wyomingense  Lesquereux. 

Equisetum  wyomingense  Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1873,  p.  409, 
1874;  U.  S.  Geol.  Survey  Terr.  Kept.,  vol.  7  (Ter- 
tiary flora),  p.  69,  pi.  6,  figs.  8-11,  1878. 
Newberry,  U.  S.  Geol.  Survey  Mon.  35,  p.  15,  pi.  65, 
fig.  8,  1898. 

Lesquereux' s  description  and  figures  of  this 
species  are  rather  vague  and  unsatisfactory. 
He  states  that  the  specimens  are  preserved  on  a 
large  slab  of  very  hard  white  shale,  which  is 
^'  covered  with  a  profusion  of  fragments  of  the 
same  plants,  rootlets,  rhizomes,  stems  crushed, 
pressed  together,  and  rarely  separated  dis- 
tinctly enough  to  clearly  show  their  characters. " 
He  further  states  that  the  stems  and  rhizomes 
are  equally  and  regularly  striate,  and  the 
''sheaths  are  dentate  on  the  borders,  and 
short.''  The  stems  and  rhizomes  are  of  equal 
size,  about  half  a  centimeter  in  width. 

Newberry  figures  a  single  stem  from  Green 
River  imder  Lesquereux's  name  but  makes  no 
comment  or  comparison  in  the  text.  The 
figured  specimen  is  a  fragment  of  stem  about 
6  centimeters  long  and  0.5  centimeter  wide  and 
shows  three  sheaths  with  some  10  or  12  slen- 
der, sharp-pointed  teeth.  It  is  difficult  to 
determine  whether  this  is  really  the  same  as 
Lesquereux's  Equisetum  wyomingense,  but  it 
perhaps  is  best  left  as  at  present  pending 
additional  information. 
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Occurrence:  Green  River  formation,  type 
found  3  miles  east  of  Green  River,  Wyo.;  New- 
berry's specimen  from  Green  River. 

Pliylimi  SPEBMATOPHTTA. 

CUS8  ANaiOSPESMAE. 

Subclass  MONOCOTYLEDONSS. 

Order  GSAMXNALSS. 

Anindo  reperta  Lesquereox. 

Arundo  reperta  Leequereux,  TJ.  S.  Geol.  and  Geog.  Sur- 
vey Terr.  Bull.,  vol.  1,  p.  384,  1875  [1876];  idem, 
Ann.  Rept.  for  1874,  p.  311, 1876;  U.  S.  Geol.  Survey 
Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  87,  pi.  8,  figs. 
e-8,  1878. 

This  species,  it  seems  to  me,  is  very  misatis- 
factory,  and  the  propriety  of  recognizing  it  is 
doubtful.  It  was  described  by  Lesquereux  as 
follows: 

Stem  thick,  distinctly  articulate;  surface  striate,  marked 
with  round  obtuse  knots,  either  placed  at  the  articulation 
or  here  and  there  scattered  upon  the  stem;  fruiting  panicle 
crushed,  oval-oblong,  bearing  ovate-lanceolate  seeds,  and 
palletfe  mixed  with  a  coating  of  hairs. 

All  the  figured  types  of  this  form  are  in  the 
United  States  National  Museum  (Nos.  96,  119) 
and  are  before  me.  The  stem  is  striate,  as  de- 
scribed, and  was  apparently  circular  in  cross 
section  before  it  was  entombed  but  is  now  much 
flattened.  It  may  have  been  a  hollow  reedlike 
stem,  but  it  also  suggests  a  decorticated 
branch  of  a  tree.  The  so-called  articulation  is 
only  a  check  or  crack  filled  with  mud  and  thus 
simulating  a  joint.  The  '^knots''  are  difficult 
to  interpret.  There  are  two  in  line  with  the 
axis  of  the  stem,  and  they  are  about  7  miUi- 
meters  in  diameter  and  some  3  millimeters  high. 
They  seem  to  rest  on  and  hardly  to  be  a  part  of 
the  organic  structure  of  the  stem — in  fact,  they 
have  much  the  appearance  of  being  little  mud 
balls  that  happened  to  lodge  on  the  specimen. 

The  specimen  described  as  an  underground 
stem  is  apparently  correctly  placed — that  is  to 
say,  the  scars,  which  occur  at  fairly  regular 
intervals,  are  clearly  the  scars  of  roots  or  root- 
lets. The  type  specimen  is  fully  18  centimeters 
long  and  shows  little  diminution  in  size. 

The  cluster  of  seeds,  although  seemingly 
quite  complete  as  depicted  in  the  drawing,  ar^ 
really  so  obscure  and  fragmentary  as  to  be 
almost  impossible  of  accurate  determination. 
A  few  of  the  specimens  have  somewhat  the 
appearance  of  the  palets  of  a  large  grass,  but 
I  should  hesitate  to  say  positively  that  this  is 
their  nature. 


There  is  also  little  basis  for  supposing  that 
these  several  organs  are  really  parts  of  one 
species  of  plant.  They  are,  indeed,  associated 
on  the  same  piece  of  matrix,  but  there  is  no 
positive  evidence  of  former  organic  union. 

With  the  above  strictures  this  form  is  left 
as  last  revised  by  Lesquereux,  but  with  the 
frank  admission  that  it  is  seemingly  of  very 
Uttle  biologic  or  stratigraphic  value. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo.,  above  the  fish  beds. 

FamUy  CYPSBACBAS. 
Cyperas  chayannesl  Heer. 

Cy penis  chavanneH  Herr,  Flora  tertiaria  Helvetiae,  vol.  1, 
p.  72,  pi.  22,  fig.  7;  pi.  28,  fig.  1, 1855. 

Cyperus  ^^chavcmensU"?  Heer.  Lesquereux,  U.  S.  Geol. 
and  Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p. 
291,  1872;  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7 
(Tertiary  flora),  p.  92,  pi.  9,  figs.  1,  2,  1878. 

Lesquereux  first  mentioned  this  species  as 
coming  from  Evanston,  Wyo.,  ''below  the 
coal."  Later,  in  the  ''Tertiary  flora,"  it 
was  given  as  coming  from  Green  River,  Wyo., 
and  one  of  the  figured  specimens  (pi.  9,  fig.  1, 
U.  S.  Nat.  Mus.  No.  122)  is  in  the  United 
States  National  Museum.  It  is  a  mere  frag- 
ment from  the  middle  area  of  a  large  leaf  and 
must  be  considered  as  doubtfully  the  same  as 
the  European  type.  * 

Occurrence:  Green  River  formation.  Green 
River,  Wyo. 

Cyperacites  haydenli  (Lesquereax)  Knowlton. 

CyperacUes  haydenii  (Leequereux)  Knowlton,  U.  S.  Geol. 

Survey  Bull.  152,  p.  83,  1898. 
CyperUes  haydenii  Lesquereux,  U.  S.  Geol.  Survey  Terr. 

Rept.,  vol.  8  (Cretaceous  and  Tertiary  floras),  p. 

140,  pi.  23,  figs.  l-3a,  1883. 

The  types  of  this  species  are  preserved  in  the 
United  States  National  Museum  (Nos.  1565, 
1569).  It  has  been  well  described  and  figured 
by  Lesquereux. 

Occurrence:  Green  River  formation,  Uinta 
(formerly  incorrectly  given  as  Randolph) 
County,  Wyo. 

Order  A&ECALES. 
PamUy  ABECACXAS. 
Geonomites  haydenii  (Newberry)  Knowlton,  n.  combw 

Mdnicaria  haydenii  Newberry,  U.  S.  Nat.  Mus.  Pioc.,  voL 
5,  p.  504,  1883;  U.  S.  Geol.  Survey  Mon.  35,  p.  31, 
pi.  64,  fig.  3,  1898. 


REVISION  OF  THE  FLORA  OF  THE  GREEN  RIVER  FORMATION. 
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The  following  description  was  given  by  New- 
berry: 

Frond  large,  leaves  pinnately  plicated,  folds  1.5  cen- 
tiineterB  in  width  above,  slightly  narrowed  below;  flat  or 
gently  arched,  smooth,  springing  from  the  midrib  at  an 
angle  of  25**,  30®  below ;  folds  attached  to  the  midrib  [rachisj 
obliquely  by  the  entire  width,  and  to  each  other  by  their 
entire  length  (?);  nervation  fine,  uniform  (7),  parallel. 

This  Green  River  palm  is  very  imperfectly 
known — ^in  fact,  the  only  specimen  I  have 
seen  is  the  type  as  figured  by  Newberry  (U.  S. 
Nat.  Mus.  No.  7016).  It  is  impossible  to  de- 
termine the  position  of  this  fragment  in  rela- 
tion to  the  whole  leaf,  though  from  its  size  as 
compared  with  leaves  from  other  localities 
believed  to  be  congeneric  with  it,  it  was 
probably  from  the  middle  or  lower  portion. 

Newberry  was  frank  to  state  in  the  dis- 
cussion of  his  Manicaria  haydenii  that  it 
certainly  belongs  to  the  same  genus  as  Les- 
quereux's  Oeonomites  tenuirachisy*^  and  with 
this  statement  I  am  inclined  to  agree.  I  have 
figured^  a  much  larger  and  far  more  nearly 
complete  specimen  of  Oeonomites  Unuirachis, 
from  the  Raton  formation,  than  Lesquereux^s 
type,  and  from  this  it  is  fairly  clear  that  the 
type  specimen  is  a  small  segment  from  the 
upper  portion  of  the  leaf.  I  can  see  no  char- 
acters by  which  this  Green  River  pakn  can  be 
excluded  from  Oeonomites,  and  consequently 
I  have  transferred  it  to  this  genus.  It  seems 
closer  to  Oeonomites  tenuirdchis  than  to  Mani- 
caria formjosa  Heer,**  from  the  Swiss  Miocene, 
with  which  Newberry  compared  it — in  fact, 
it  would  be  difficult  with  the  scant  material 
available  to  separate  them  specifically.  How- 
ever, as  they  are  so  imperfectly  known,  and 
as  there  is  so  much  difference  in  their  strati- 
graphic  position,  it  is  perhaps  best  to  regard 
Oeonomites  haydenii  as  distinct  until  its  status 
can  be  settled  with  better  material. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo. 

Saba!  powellii  Newberry. 

Sabal  pov^ellii  Newberry,  U.  S.  Nat.  Mua.  Proc.,  vol.  5, 
p.  504,  1882  [1883];  U.  S.  Geol.  Sun-ey  Men.  35, 
p.  30,  pi.  63,  fig.  6;  pi.  64,  figs.  1,  la,  1898. 

«<  Lesquereuz,  Leo,  U.  S.  Geol.  Survey  Terr.  Rcpt.,  vol.  7  (Tertiary' 
flora),  p.  117,  pi.  11,  ng.  1,  1878. 

«  Knowlton,  F.  H.,  U.  S.  Oeol.  Survey  Prof.  Paper  101,  p.  291,  pi.  62, 
1917. 

**  Heer,  Oswald,  Flora  tertiarla  Helvetiae,  vol.  1,  pi.  38, 1856. 


The  following  is  Newberry's  description: 

Leaves  of  medium  size,  4  or  5  feet  in  diameter,  petiole 
smooth,  imarmed,  terminating  above  in  an  angular  or 
rounded  area  from  which  the  folds  diverge  beneath,  con- 
cavely  narrowing  to  form  a  spike  3  or  4  inches  in  length; 
rays  about  50,  radiating  from  the  end  of  the  petiole, 
perhaps  60  in  the  entire  leaf,  compressed  to  acute 
wedges  where  they  issue  from  the  petiole;  strongly  angled 
and  attaining  a  maximum  width  of  about  1  inch;  nerves 
fine,  about  12  stronger  ones  on  each  side  of  the  keel,  with 
finer  intermediate  ones  too  obscure  for  enumeration. 

Although  the  remains  of  palms  are  abundant 
in  a  number  of  Tertiary  formations  they  are 
unusually  difficult  of  satisfactory  diagnosis. 
Their  large  size,  the  fragmentary  state  in 
which  they  are  usually  collected,  and  the  lack 
of  good  diagnostic  characters  in  the  leaves 
make  their  identification  more  or  less  imcertain. 
The  allocation  of  Sahal  poweUii  is  a  case  in 
point.  In  his  discussion  Newberry  points 
out  that  it  bears  considerable  resemblance 
to  Sabalf  eocenica  (Lesquereux)  Knowlton 
(formerly  FlabeUaria  eocenica)  as  figured  by 
Lesquereux,**  differing  in  having  a  larger  number 
of  folds  and  a  longer  point  of  support  on  the 
imder  side  of  the  leaf.  Newberry  also  compares 
his  species  to  Sabalites  grayanus  (Lesquereux) 
Lesquereux,  but  this  has  been  since  divided. 
The  type  locality  was  the  Wilcox  group  of  the 
Gulf  region,  and  the  name  Sabalites  grayanus  is 
retained  for  this  form,  which  has  also  been 
reported  from  the  Laramie,  Lance,  and  Raton 
formations.  The  large  leaves,  which  are  evi- 
dently the  ones  Newberry  had  in  mind,  mainly 
from  the  Montana  group,  have  been  separated 
imder  the  name  Sabalf  montana  Knowlton.^" 
Although  this  species  «is  still  imperfectly 
known  it  seems  to  be  distinguishable  by  its 
very  large  size,  being  perhaps  the  largest  palm 
in  the  Rocky  Mountain  region,  and  by  the 
greater  number  of  folds  (about  90). 

Sabal  grandifolia  Newberry*^  is  another 
large-leaved  palm  that  may  be  compared 
with  Sahal  powellii.  It  has  nearly  twice  the 
nvunber  of  folds. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo. 

♦5  Lesquereux,  Leo,  U.  S.  Oeol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary 
flora),  pi.  13,  figs.  1-3, 1878. 

«•  Knowlton,  F.  H.,  U.  S.  Geol.  Survey  Prof.  Paper  101,  p.  253,  pi.  32, 
fig.  3,  1918. 

<7  Newberry,  J.  8.,  U.  S.  OeoL  Survey  Mon.  35,  p.  28,  pi.  25;  pi.  63, 
fig.  5  (not  pi.  64,  figs.  2,  2a),  1898. 
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Flabellaria  florlssantt  Lesqnerenz. 

Flabellaria  ftoriasarUi  Lesquereux,  U.  S.  Geol.  Survey 
Terr.  Rept.,  vol.  8  (CretaceouB  and  Tertiary  floras), 
p.  144,  pi.  24,  figs.  l-2a,  1883. 

The  following  is  Lesquereux's  characteriza- 
tion of  this  species: 

Fronds  large;  rays  diverging  all  around  from  the  top 
of  the  long,  nearly  flat,  unkeeled  rachis;  rays  large,  very 
numerous,  acutely  keeled;  primary  nerves  distinct;  close 
intermediate  veinlets  three  or  four. 

Lesquerenx  did  not  give  any  actual  dimen- 
sions, and  the  two  figured  types  are  all  of  the 
original  material  now  known  to  be  extant. 
Subsequently,  however,  L.  F.  Ward  collected 
extensively  at  Green  River  station,  at  a  point 
known  locally  as  Bell's  fish  cliff,  and  procured 
some  very  large  palm  leaves  that  in  all  reason- 
able probability  are  the  same  as  Lesquereux's 
species.  It  must  have  been  at  least  5  feet  in 
diameter   and   has   the   same   rather  slender 

m 

petiole  as  the  figured  type.  Our  specimen 
includes  the  outer  edge  of  the  leaf  and  shows 
that  the  rays  are  spUt  apart  for  a  distance  of 
at  least  20  centimeters. 

Occurence:  Green  River  formation  [types], 
Uinta  (formerly  incorrectly  called  Randolph) 
County,  Wyo.;  Bell's  fish  cliff,  Green  River, 
Wyo.,  collected  by  L.  F.  Ward. 

Order  XYRIDALES. 

FamUy  PONTSDEBIACSAE. 

Oenus  PONTEDSBITES  Knowlton,  n.  gen, 

Pontederites  hesperia  Knowlton,  n.  sp. 

Plate  XXXVI,  figure  6. 

Although  it  is  perhaps  more  or  less  haz- 
ardous to  base  a  new  genus  on  a  single  frag- 
ment, the  present  one  seems  so  distinct  that 
it  merits  at  least  temporary  characterization 
until  more  complete  material  can  be  procured. 
It  is  the  well-preserved  upper  part  of  a  leaf 
that  was  presumably  broadly  ovate  below  and 
rather  abruptly  narrowed  above  into  a  deltoid- 
lanceolate  apical  portion,  1  centimeter  wide  at 
the  base,  2  centimeters  long,  and  acute  at  the 
tip.  The  length'  of  the  part  preserved  is  8 
centimeters  and  the  width  about  5  centimeters. 
The  total  length  was  presumably  not  less  than 
12  or  15  centimeters.  It  is  unfortimate  that 
the  shape  of  the  base  is  unknown.  The  ner- 
vation consists  of  numerous  close,  mainly  par- 
allel veins  that  arise  from  a  slightly  enlarged 
midvein  which  is  reduced  in  the  apical  portion 


to  the  same  size  as  the  other  veins.  Those 
that  can  be  seen  arise  from  the  midvein  at 
a  very  acute  angle — about  80® — ^but  in  the 
lower  portion  they  are  closer  together  and 
apparently  arise  at  a  less  acute  angle.  The 
veins  spread  in  the  broad  portion  of  the  blade, 
then  approach  again  in  thiB  upper  part,  where 
some  of  them  terminate,  only  about  a  dozen 
passing  into  the  reduced  apical  portion.  A 
few  intermediate  veins  come  up  from  the 
lower  portion  of  the  blade  and  die  out  above, 
but  so  far  as  can  be  ascertained  there  are  no 
fine  intermediate  veinlets,  or  at  least  but  faint 
traces  of  them.  There  are,  however,  nu- 
merous cross  veinlets,  mainly  at  right  angles 
to  the  veins. 

This  leaf  appears  to  resemble  most  closely 
the  leaves  of  Pontederia  cordaia  Linn6,  the 
well-known  pickerel  weed,  which  grows  on 
the  borders  of  ponds  and  streams  from  Nova 
Scotia  to  Minnesota  and  south  to  Florida  and 
Texas.  In  the  living  plant  the  thick,  petioled 
leaves  are  ovate,  cordate-sagittate,  and  5  to  20 
centimeters  long,  with  the  basal  and  apical  lobes^ 
rounded.  It  has  a  fairly  distinct  midrib  in 
the  lower  portion,  but  this  disappears  above* 
It  is,  of  course,  much  to  be  regretted  that  the 
basal  portions  of  these  leaves  can  not  be  com* 
pared,  but  such  a  comparison  must  await 
more  nearly  perfect  specimens.  So  far  as  the 
available  material  goes  I  can  see  no  essential 
difference  between  the  fossU  and  the  living 
forms,  and  the  name  given  to  the  genus  brings 
out  this  point. 

The  fossil  has  some  resemblance  to  certain, 
forms  that  have  been  referred  to  Canna,  such 
as  Canna  eocenica  Berry,**  from  the  Wilcox 
group  of  the  Gulf  region,  but  this  is  more  nearly 
lanceolate,  with  no  contraction  into  the  reduced 
apical  portion.  The  midrib  is  also  stronger 
in  Canna  eocenica. 

The  only  other  Green  River  monocotyledon 
with  which  it  could  possibly  be  compared  is 
MusophyUum  complicatum  Lesquereux,*®  but 
this  is  of  a  totally  different  character. 

Under  the  name  Zingiberites  dubius  Lesque- 
renx*^ described  a  fragment  from  the  Denver 
formation  of  Colorado,  but  this  is  too  much 
broken  to  give  any  reliable  conception  of  its 

«  Berry,  E.  W.,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  181,  pi.  16,  flgs, 
7,  8, 1916. 

•  Lesquereux,  Leo,  U.  S.  Geol.  Survey  Terr.  Eept.,  vol.  7  (Tertiary- 
flora),  p.  96,  pi.  15,  figs.  1-6, 1878. 

M  Idem,  pi.  16,  fig.  1. 
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form  and  size,  and  hence  it  can  not  be  com- 
pared with  the  present  form. 

Occurrence:  Green  River  formation,  Grease- 
wood  Creek,  Rio  Blanco  Coimty,  40  miles  west 
of  Meeker,  Colo.,  collected  by  D.  E.  Winchester, 
1917. 

Order  LILIALES. 
FamUy  JUNCACEAE. 
Junciis  sp.  Lesquereax. 

Juncua  sp.  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  6,  1872. 

Lesquereux  says: 

Fragments  of  stems  of  various  sizes,  like  Juncus  retractus 
Heer,  or  Juncus  scheuzeri  Heer,  in  Flora  tertiaria  Helve- 
tiae,  pi.  30,  figs.  2e,  3c. 

These  specimens  are  not  known  to  be  in 
existence,  and  the  species  should  probably  be 
discarded. 

Occurrence:  Green  River  formation,  Green 
River,  Wyo. 

MONOCOTTLEDONAE  OF  UNCEBTAIN  POSITION. 

Mnsophyllum  complicatmn  Lesquereux. 

« 
Musophyllum  camplicatum  Lesquereux,  U.  S.  Geol.  and 

Geog.  Survey  Terr.  Ann.  Rept.  for  1873,  p.  418, 
1874;  U.S. Geol.  Survey  Terr.  Rept.,  vol.  7  (Ter- 
tiary flora),  p.  96,  pi.  15,  figs.  1-6,  1878. 

Most  of  the  type  material  on  which  this 

species  is  based  is  preserved  in  the  United  States 

National  Museum  (Nos.  132-135).     It  is  very 

obscure  and  difficult  to  interpret,  and  on  this 

point  Lesquereux  said: 

The  exact  character  of  these  leaves,  especially  their 
form,  their  size,  and  their  relation  to  the  main  stem,  or 
stipe,  is  very  obscure.  I  have  found  a  bed  of  shale  nearly 
1  foot  thick  filled  entirely  with  fragments  of  this  species 
and  have  worked  a  whole  day  with  a  miner,  trying,  without 
avail,  to  get  specimens  more  definite  than  those  which  are 
figured  here.  Large  pieces  of  shale  are  covered  with 
fragments  of  leaves,  folded  in  various  ways,  where  no  trace 
of  any  middle  nerve  may  be  discovered.  This  proves 
the  large  size  of  the  leaves. 

As  nearly  as  can  be  made  out  it  may  be 
described  as  follows:  Stem  or  stipe  very  stout, 
at  least  3  centimeters  in  width,  longitudinally 
wrinkled  and  striate.  Leaves  large,  with  a 
thick  irregularly  veined  midrib  1  centimeter 
or  more  in  width.  Veins  of  the  leaf  numerous, 
thin  but  distinct,  mainly  simple  but  occa- 
sionally dichotomous,  especially  toward  the 
margins. 

Occurrence:  Green  River  formation,  8  miles 
southeast  of  Green  River  station,  Wyo. 


Subclass  DIGOTTLEDONES. 
Order  SALICALES. 

FamUy  SALICACEAE. 
Salix  linearis  Knowlton,  n.  sp. 

Plate  XXXVII,  figure  8. 

Leaf  very  small,  linear-lanceolate,  3.5  centi- 
meters long,  5  millimeters  broad,  with  a  petiole 
5  millimeters  long;  margin  with  a  few  rather 
remote  teeth;  midrib  very  strong;  secondaries 
as  many  as  the  teeth,  which  they  enter,  arising 
at  an  angle  about  40°,  little  curved  upward; 
finer  nervation  not  discernible. 

This  little  leaf  is  also  the  only  one  of  its  kind 
observed  in  the  collections.  It  is  perhaps 
hazardous  to  characterize  a  new  Salix  on  a 
single  leaf,  but  it  differs  so  clearly  from  any 
other  in  the  collection  that  it  is  presented  with 
the  reservation  that  it  may  be  shown  to  belong 
elsewhere  when  more  material  is  available. 

Among  living  species  this  strongly  resembles 
a  small  leaf  of  Salix  fluviatUis  Nuttall,  the  well- 
known  sand-bar  or  river-bank  willow,  which 
ranges  from  Quebec  to  Oregon  and  south  to 
Virginia,  Kentucky,  and  New  Mexico.  There 
is  no  fossil  species,  at  least  from  the  Green 
River,  that  could  be  confused  with  this. 

Occurrence:  Green  River  formation,  Rio 
Blanco  County,  20  miles  west  of  Rio  Blanco 
post  office,  Colo.  (sec.  33,  T.  4  S.,  R.  100  W.), 
collected  by  D.  E.  Winchester,  1917. 

Salix  longiacamiiiata  Knowlton,  n.  sp. 

Leaves  thin  but  firm  in  texture,  lanceolate, 
broadest  a  short  distance  above  the  base, 
whence  it  is  gradually  narrowed  to  a  long,  slen- 
derly acuminate  apex  and  to  a  wedge-shaped 
base;  margin  slightly  irregular  though  scarcely 
to  be  called  toothed;  length  9  or  10  centimeters, 
width  1.2  centimeters;  petiole  slender,  about 
1.75  centimeters  long;  midrib  relatively  very 
strong,  especially  in  the  lower  third;  seconda- 
ries numerous,  arising  at  various  angles,  in  the 
lower  part  falling  below  a  right  angle,  then 
many  nearly  at  a  right  angle,  and  finally  some 
at  an  angle  of  perhaps  20**;  all  secondaries 
curved  and  each  joining  the  one  next  above, 
forming  a  series  of  loops  just  within  the  margin; 
intermediate  secondaries  numerous ;  finer  nerva- 
tion irregularly  quadrangular. 

The  only  specimen  found  in  the  collections, 
a  nearly  perfect  leaf,  seems  well  characterized 
by  its  long,  slenderly  acuminate  apex,  thick 
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midrib,  and  very  numerous  secondaries,  which 
arise  at  various  angles  and  by  joining  form  a 
series  of  bows  well  inside  the  margin. 

This  leaf  is  not  greatly  different  in  size  and 
shape  from  leaves  referred  by  Lesquereux  ^^  to 
Salix  angustay  though  it  is  more  slenderly  acumi- 
nate, but  it  differs  wholly  in  the  secondary 
nervation.  Thus,  in  ScUix  angusta  the  second- 
aries are  numerous,  close,  parallel,  and  little 
curved  upward,  whereas  in  the  present  species 
the  secondaries  are  more  remote  and  by  joining 
form  a  series  of  loops. 

Among  other  fossil  species  the  present  one 
resembles  in  nervation  Salix  arcinerva  Heer," 
from  the  Swiss  Miocene,  but  that  species  differs 
in  shape  and  has  the  margin  finely  toothed.  It 
also  resembles  in  shape  and  somewhat  in  ner- 
vation Salix  longa  Heer,^^  from  the.  same  area, 
but  that  species  is  much  larger  and  its  second- 
aries do  not  form  loops. 

Occurrence:  Green  River  formation,  Rio 
Blanco  Coxmty,  20  miles  west  of  Rio  Blanco 
post  office,  Colo.  (sec.  33,  T.  4  S.,  R.  100  W.), 
collected  by  D.  E.  Winchester,  1917. 

Salix  sp. 

Plate  XXXVII,  figures  3-5. 

The  collection  made  by  Winchester  includes  a 
number  of  small  leaves  that  appear  to  belong  to 
Salix,  though  the  nervation  is  so  obscure  that 
this  assignment  is  not  certain.  They  are 
linear-lanceolate  leaves,  3.5  to  about  6  centime- 
ters long  and  6  to  10  millimeters  wide,  and  have 
a  petiole  5  or  6  millimeters  long.  They  are 
narrowed  to  a  wedge-shaped  base  and  are 
rather  obtuse  at  the  apex.  The  margin  is  per- 
fectly entire.  The  nervation,  with  the  excep- 
tion of  a  relatively  very  strong  midrib,  is  ob- 
scure but  appears  to  consist  of  numerous  thin 
secondaries  at  an  angle  of  35°  or  40®  that  are 
camptodrome  and  arch  just  inside  the  margins; 
none  of  the  finer  nervation  is  observable. 

Considering  the  uncertainty  regarding  these 
leaves  it  seems  hardly  worth  while  to  attempt 
comparisons  with  either  living  or  fossil  species. 
Small,  narrow,  entire  willow  leaves  are  so  non- 
descript that  it  is  difficult  to  be  sure  of  their 
subsequent  recognition,  and  for  this  reason  the 
present  form  has  not  been  given  a  specific 
designation. 

"Lesquereux,  Leo,  U.  S.  GeoL  Survey  Terr.  Rept.,  vol. 7 (Tertiary 
flora),  pi.  22,  fig.  4,  1S78. 
M  Heer,  Oswald,  Flora  tertiaria  Helvetlae,  vol.  2,  pi.  66,  flgs.4, 5, 1856. 
M  Idem,  pi.  69,  figs.  12,  13. 


Occurrence:  Green    River    formation,     Rio 

Blanco  County,  about  40  miles  southwest  of 

Meeker,  Colo.,  collected  by  D.  E.  Winchester, 

1917. 

Salix  sp. 

Salix  media,  Heer.  Lesquereux,  TJ.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  6, 1872; 
U.  S.  Geol.  Survey  Terr.  Rept,  vol.  7  (Tertiary 
flora),  p.  168,  pi.  22,  fig.  3,  1878. 

The  specimen  on  which  Lesquereux  based  the 
presence  of  Salix  media  Heer  in  American  beds 
is  in  the  United  States  National  Museum  (No. 
198).  It  is  a  small  leaf  about  7  centimeters 
long  and  lacks  most  of  one  side  and  the  tip.  It 
is  without  a  trace  of  nervation  except  a  strong 
midrib,  though  secondaries  have  been  added 
in  the  figure  given  in  the  '' Tertiary  flora." 
The  leaves  from  the  Swiss  Miocene  referred  by 
Heer  ^  to  Salix  media  are  all  mostly  without 
nervation  except  the  midrib,  and  of  course  it  is 
easy  to  match  the  American  leaf  with  one  of 
these,  but  such  a  comparison  is  obviously  with- 
out value. 

In  the  Museum  collection  there  is  another 
leaf  not  figured  that  was  identified  by  Les- 
quereux as  Salix  media — in  fact,  it  is  recorded 
under  the  same  niunber  (198)  as  the  other — 
but  it  is  a  long,  narrow  leaf  with  obscurely  pre- 
served nervation  m  which  a  smaU  portion  is 
so  preserved  as  to  show  an  intramarginal  vein, 
as  in  Eucalyptus?  americana,  and  it  should  be 
referred  to  that  species. 

As  the  leaf  figured  by  Lesquereux  is  so 
obscure  it  is  here  removed  from  Salix  media 
and  regarded  as  Salix  sp. 

Occurrence :  Green  River  formation,  Green 
River,  Wyo. ;   also  reported  from  Elko,  Nev. 

Order  MYBICALSS. 
Family  MYBICACEAS. 

Mjrrica  salicina  Unger. 

Myrica  salicina  Unger,  Genera  et  species  plantarum  ios- 
silium,  p.  396,  1850. 
Lesquereux,  U.  S.  Geol.  and  Geog.  Survey  Terr.  Aim. 
Rept.  for  1871,  Suppl.,  p.  6,  1872. 

The  status  of  this  species  is  doubtful.  It 
was  identified  by  Lesquereux  under  the  above 
name,  but  the  specimen  on  which  the  identi- 
fication was  based  is  lost  or  merged  with  some- 
thing else  without  a  record  of  such  transfer. 
It  was  neither  figured  nor  again  referred  to  by 
Lesquereux. 

Occurrence:  Green  River  formation.  Green 
River,  Wvo. 

"  Heer,  Oswald,  Flora  tertiaria  Helvetiae,  vol.  2,  pl.68,flgs.  14-19, 185«. 
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Myika  mlnnta  Knowlton*  n.  sp. 

Plate  XXXVII,  figure  12. 

Leaves  coriaceous  or  at  least  firm  in  texture, 
linear-lanceolate,  prolonged  above  to  a  slender 
aciuninate  apex  and  scarcely  less  so  below  to 
the  narrowly  wedge-shaped  base;  margin 
entire  for  the  lower  third,  thence  rather 
strongly  toothed,  the  teeth  moderately  sharp; 
midrib  relatively  strong;  secondaries  numerous, 
thin,  at  an  angle  of  about  40°,  slightly  curved 
upward,  ending  in  the  margin  in  the  lower 
untoothed  portion  and  in  the  teeth  in  the 
middle  and  upper  portion. 

This  little  leaf,  the  only  one  observed,  is 
about  18  millimeters  long  and  3  millimeters 
wide  and  has  a  delicate  petiole  1  millimeter 
long.  It  is  evidently  rather  thick,  as  the 
secondary  nervation  is  faintly  visible. 

This  species  is  of  the  same  type  as  Myrica 
scottii  Lesquereux,  from  the  Florissant  lake 
beds,  but  it  is  only  one-foiu*th  the  length  of 
that  species  and  has  rather  blunt  instead  of 
very  sharp  teeth. 

Occurrence:  Green  River  formation,  oil 
shale,  Smith  ranch,  on  Greasewood  Creek, 
about  40  nules  southwest  of  Meeker,  Colo., 
collected  by  D.  E.  Winchester,  1917. 

Myrica  praedrymeja  Knowlton,  n.  sp. 
Plate  XXXVI,  figures  1-3. 

Leaves  small,  firm  in  texture,  lanceolate, 
acimiinate  at  apex,  rounded  below,  with  the 
sides  of  the  leaf  at  angles  of  about  45°,  slightly 
unequal  sided;  margin  entire  for  a  short  dis- 
tance, thence  with  nimierous  rounded  teeth; 
petiole  short,  stout;  midrib  relatively  very 
strong,  straight;  secondaries  nimierous,  18 
or  20  pairs,  alternate,  close,  parallel,  little 
curved  upward,  ending  in  the  teeth;  finer 
nervation  obsolete. 

This  species  is  represented  by  a  number  of 
specimens,  and  three  of  the  most  nearly  perfect 
ones  are  figured.  They  are  4  or  5.5  centimeters 
long  and  about  1.2  centimeters  wide,  with  the 
petiole  at  least  4  millimeters  long.  This  species 
is  very  closely  similar  to  Myrica  cdUicomaefolia 
Lesquereux  *^^  (now  Myrica  dry  me  ja  (Lesquereux) 
Knowlton),  from  the  Florissant  lake  beds — 
in  fact,  they  may  be  identical,     M,  "praedrymeja 

M Lesquereux,  Leo,  U.  8.  Geol.  Survey  Terr.  Rept.,  vol.  8  (Creta- 
ceous and  Tertiary  floras),  p.  146,  pi.  26,  figs.  5-14, 1883. 
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differs  slightly,  however,  in  having  the  mar- 
ginal teeth  obtuse  or  rounded  instead  of 
sharp-pointed  and  a  stronger  nervation.  These 
differences  are  not  marked,  and  a  fuller  series 
might  readily  show  them  breaking  down. 

Occurrence:  Green  River  formation,  oil 
shale.  Smith  ranch,  on  Greasewood  Creek  about 
40  miles  southwest  of  Meeker,  Rio  Blanco 
County,  Colo.,  collected  by  D.  E.  Winchester, 

1917. 

Myrica  Indwigli  Schimper: 

Myrica  ludioigii  Schimper,  Pal^ntologie  v^^tale,  vol.  2, 
p.  545, 1872. 
Leequereux,  U.  S.  Geol.  and  Geog.  Survey  Terr.  Bull., 
vol.  1,  p.  385,  1875  (1876);  idem,  Ann.  Rept.  for 
1874,  p.  311,  1876;  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7  (Tertiary  flora),  p.  133,  pi.  65,  fig.  9,  1878. 

The  single  broken  leaf  figured  is  all  there  is 
to  represent  this  species,  and  this  is  now  lost. 
Its  status  is  therefore  rather  unsatisfactory, 
but  it  will  have  to  stand  as  above  until  further 
material  can  be  procured. 

Occurrence:  Green  River  formation,  mouth 
of  White  River  (emptying  into  Green  River), 
Wyo. 

Myrica  sp. 

Plate  XXXVII,  figure  2. 

Winchester's  collection  contains  a  fragment 
that  evidently  belongs  to  Myrica,  but  it  is  so 
deficient  that  I  have  not  given  it  a  specific 
name.  It  is  a  fragment  2.5  centimeters  long 
and  0.5  centimeter  wide,  of  the  upper  part  of 
a  linear-lanceolate,  sharply  acuminate  leaf. 
The  margin  in  the  lower  part  is  nearly  entire, 
with  only  an  occasional  tooth,  but  in  the  upper 
part  it  is  provided  with  low,  obtuse,  irregu- 
larly spaced  teeth.  The  nervation  consists  of 
a  relatively  strong,  straight  midrib  and  very 
numerous  secondaries  that  arise  at  a  low  angle 
and  curve  slightly  in  passing  to  the  borders, 
which  most  of  them  seem  to  enter.  These 
secondaries  are  somewhat  irregularly  placed; 
the  finer  nervation  is  not  observable. 

This  form  has  the  same  type  of  nervation 
as  Myrica  nigricans  Lesquereux,  but  it  differs 
in  the  narrowly  lanceolate,  acuminate,  irregu- 
larly toothed  blade. 

Occurrence:  Green  River  formation.  Cathe- 
dral Bluff,  south  of  Little  Tommies  Draw,  20 
miles  west  of  Rio  Blanco  post  oflice,  Rio 
Blanco  County,  Colo.,  collected  by  D.  E. 
Winchester,  1917. 
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Myiica  sp. 

Plate  XL,  figure  13. 

In  the  Winchester  collection  I  jSnd  the  single 
specimen  here  figured,  which  seems  to  be 
different  from  any  other  noted.  It  is  coria- 
ceous in  texture,  narrowly  lanceolate,  pro- 
longed above  into  an  .acute  apex  (base  de- 
stroyed). It  w^^  probably  9  or  possibly  10 
centimeters  long  and  about  13  millimeters 
wide.  The  margin  is  remotely  toothed,  the 
teeth  low  and  rather  obtuse.  The  nervation 
consists  of  a  very  strong,  straight  midrib  and 
numerous  pairs  of  mainly  alternate  second- 
aries which  arise  nearly  at  right  angles  to  the 
midrib,  considerably  curved  upward  and  end- 
ing in  the  teeth  or  in  the  margin;  finer  nerva- 
tion not  well  preserved. 

This  somewhat  resembles  what  Lesquereux 
called  Myrica  niffricans  "  (now  Rhus  nigricans) , 
but  it  is  longer  and  more  narrowly  acuminate, 
and  has  fewer  secondaries.  It  is  even  closer 
to  Myrica  Ivdwigii  Schimper,  as  identified 
by  Lesquereux*^  from  the  mouth  of  White 
River,  Wyo.,  but  that  species  is  shorter  and 
broader  and  has  very  large  marginal  teeth 
and  different  secondary  nervation. 

Occiirrence:  Green  River  formation,  head  of 
Carr  Creek,  Garfield  County,  Colo.,  30  miles 
northwest  of  De  Beque,  collected  by  D.  E. 
Winchester,  1917. 

Comptonia?  anomala  Knowlton,  n.  sp. 

Plate  XXXVII,  figure  1. 

Leaf  small,  sessile,  2  centimeters  long,  6 
millimeters  wide;  coriaceous;  lanceolate,  ob- 
tuse and  rounded  at  apex,  strongly  unequal- 
sided  at  base;  mai^in  strongly  imdulate- 
toothed,  the  teeth  low  and  rounded;  midrib 
very  strong  for  the  size  of  the  leaf;  secondaries 
thin,  opposite  or  nearly  so,  at  a  low  angle,  very 
little  curved  upward,  ending  in  the  marginal 
undulations ;  intermediate  secondaries  occa- 
sional; finer  nervation  obsolete. 

It  is  with  grave  doubt  that  this  little  leaf  is 
referred  to  the  genus  Comptonia,  In  the  un- 
dulate-toothed margin  and  in  nervation  it 
seems  identical  with  this  genus,  but  the  strongly 
unequal-sided  base  suggests  that  it  is  a  leaflet  and 
not  a  distinct  leaf.     However,  I  have  not  thus 


»•  Lesquereux,  Leo,  U.  S.  Geol.  Survey  Terr.  Rept.,  voL  7  (Tertiary 
flora),  p.  132,  pi.  17,  Qgs.  ^12,  1878. 
n  Idem,  pi.  65,  fig.  9. 


far  been  able  to  place  it  satisfactorily  in  any 
genus  with  compound  leaves,  and  temporarily 
it  is  referred  to  Comptonia.  It  is  so  strongly 
marked  that  it  can  easily  be  recognized  in 
future  and  perhaps  more  correctly  placed  when 
opportunity  offers. 

Occurrence:  Green  River  formation,  Smith 
ranch,  on  Greasewood  Creek,  about  40  miles 
southwest  of  Meeker,  Rio  Blanco  Coimty,  Colo., 
collected  by  D.  E.  Winchester,  1917. 

Older  JUGLANDALSS. 

FamUy  JTTQLANDACEAE. 

Jii^ns  ocddentalis  Newberry. 

Juglans  ooddentalis  Newberry,  U.  S.  Nat.  Mua.  Proc.,  vol. 

5,  p.507, 1882  [1883];  U.  S.Geol.  Survey  Mon.  35,  p. 

34,  pi.  65,  fig.  1;  pi.  66,  figs.  2-4  [not  pi.  66,  fig.  1], 

1898. 
Juglans  achimperi  Lesquereux,  U.  S.  Geol.  Survey  Terr. 

Rept.,  vol.  7  (Tertiary  flora),  pi.  56,  figs.  7,  8,  10 

[not  figs.  5,  6,  9,  which  remain  under  Juglans 

schimpen]^  1878. 
Hollick,  Louisiana  Geol.  Survey  Special  Rept.  5,  p. 

280,  pi.  33,  fig.  1;  pi.  25,  fig.  3  [not  pi.  32,  fig.  5?; 

pi.  33,  fig.  2,  which  remain  under  Juglans  schxmper%\f 

1899. 
Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  182,  pi. 

18,  figs.  3,  5  [not  pi.  18,  fig.  4,  which  remains  under 

Jvjglans  sekimpen],  1916. 
Knowlton,  U.  S.  Geol.  Survey  Prof.  Paper  101,  pi.  64, 

fig.  1,  1918. 

Leaves  supposedly  pinnate;  leaflets  some- 
what variable  in  form  and  size,  from  aboutS 
to  18  centimeters  in  length,  3  to  6  centimeters 
wide,  generally  about  15  centimeters  long  and 
4  centimeters  wide,  broad  lanceolate,  broadest 
near  the  middle,  summit  acute,  base  roimded, 
unsymmetrical ;  margin  entire;  midrib  very 
strong,  straight;  secondaries  nimierous,  about 
20  pairs,  rather  slender,  at  a  low  angle  of  emer- 
gence, slightly  curved  upward,  camptodrome, 
forming  a  series  of  bows  or  loops  along  the 
margin;  finer  nervation  not  well  retained,  but 
nervilles  mainly  obUque  to  the  secondaries  and 
imbroken. 

Juglans  occidentalis  was  named  and  de- 
scribed by  Newberry  in  1883  but  was  not 
figured  until  the  publication  of  his  **  Later 
extinct  floras''  in  1898.  He  stated  that  there 
were  a  large  number  of  specimens  in  the  col- 
lection submitted  to  him,  some  of  which  **are 
found  attached  to  the  stems  that  bore  them, 
but  generally  separated  and  more  or  less  torn 
and  broken.     The  tree  was  evidently  a  strong- 
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growing  and  luxuriant  one,  for  some  of  the 
leaves  are  not  less  than  8  inches  in  length/' 

Newberry  called  attention  to  the  fact  that 
his  specimens  were  from  the  same  locality  as 
that  which  furnished  the  leaves  described  by 
Lesquereux  as  Juglans  schimperi  but  con- 
cluded that  the  two  were  not  identical,  be- 
cause Lesquereux  had  described  Juglans  schim- 
peri as  long,  narrow  leaves,  broadest  near  the 
base  and  with  a  camptodrome  nervation, 
whereas  Newberry  stated  that  in  Juglans  ocd- 
dentalis  *'a  large  part  of  the  lateral  nerves  ter- 
minate in  the  margins,  and  the  tertiary  nerva- 
tion is  more  open  and  irregular." 

The  figured  types  of  both  species  are  before 
me  and  disclose  that  Newberry  was  wrong  in 
saying  that  a  large  part  of  the  nerves  terminate 
in  the  margins  in  his  species;  they  are  all 
camptodrome  and  form  loops  along  the  mar- 
gin, exactly  as  described  by  Lesquereux  for 
his  Juglans  schimperi.  This  character  there- 
fore fails,  and  the  only  way  of  distinguishing 
them  is  by  the  long,  narrow,  sharp-pointed 
leaflets  with  a  roimded  equal-sided  base  and 
slightly  more  acute-angled  secondaries  in 
Juglans  schimperi^  and  the  broader,  less  acu- 
minate leaflets  with  xmequal-sided  base  and 
very  low-angled  secondaries  in  Juglans  occi- 
dentalis.  But,  as  pointed  out  in  the  discussion 
of  Juglans  schimperi  below,  the  possibihty 
should  be  considered  that  the  leaflets  now 
allocated  to  Juglans  schimperi  may  be  terminal 
leaflets,  and  if  so  all  would  naturally  have  to 
be  included  under  Lesquereux's  species.  It  is 
also  pointed  out  in  the  discussion  of  Juglans 
schimperi  that  the  disposition  mentioned  makes 
necessary  certain  transfers  of  figures  from  one 
to  the  other.  Thus,  those  of  Lesquereux's 
types  of  Juglans  schimperi  will  go  to  Juglans 
ocddentalis.  All  but  two  of  the  leaflets  iden- 
tified by  Hollick  as  Juglans  schimperi  from  the 
Wilcox  group  wall  go  to  Juglans  occidentalism 
as  indicated  in  the  above  synonymy.  These 
figures  as  reproduced  by  Berry  in  his  paper  on 
the  Wilcox  flora  will  have  the  same  disposi- 
tion, and  the  leaflets  from  the  Raton  flora  that 
I  identified  as  Juglans  schimperi  will  also  find 
place  under  Juglans  ocddentalis. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo.  Wilcox  group,  Louisiana  and 
Mississippi.  Raton  formation,  northeastern 
New  Mexico  and  southeastern  Colorado. 


Juglans  schimperi  Lesquereux. 

Juglans  schimperi  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  8, 
1872;  U,  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Ter- 
tiary flora),  p.  287,  pi.  56,  figs,  5,  6,  9  [not  figs. 
7,  8,  10,  vf\nc)i=  Juglans  ocddentalis  Newberry], 
1878. 

Hollick,  Louisiana  Geol.  Survey  Special  Rept.  5, 
p.  280,  pi.  32,  fig.  5?;  pi.  33,  fig.  2  [not  pi.  33,  fig.  1; 
pi.  35,  fig.  3,  vrhxch.^  Jwglans  ocddentalis  New- 
berry], 1899. 

Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  182, 
pi.  18,  fig.  4;  pi.  19,  fig.  4?  [not  pi.  18,  figs.  3,  5, 
yn^nich.^  Juglans  ocddentalis  Newberry],  1916. 

Leaves  firm  in  texture,  pinnately  compound, 
leaflets  lanceolate,  8  to  14  centimeters  long,  2 
to  3.5  centimeters  wide,  broadest  near  the 
abruptly  rounded  and  equal-sided  base,  taper- 
ing to  a  long,  slender  point  above;  margin 
entire,  slightly  undulate;  petiolule  very  short; 
midrib  very  strong,  straight;  secondaries  nu- 
merous, about  18  pairs,  rather  thin,  emerging 
at  angles  of  40*^  to  50°,  close,  parallel,  slightly 
curved  in  ascending  to  the  middle  of  the  area, 
but  more  and  gradually  curved  on  nearing  the 
margin,  which  they  closely  follow  in  simple 
bows;  secondaries  connected  by  close,  distinct 
nervilles,  generally  at  right  angles  to  them. 

Juglans  schimperi  was  named  and  described 
by  Lesquereux  in  1872  but  was  not  figured 
until  the  publication  of  the  "Tertiary  flora '* 
in  1878.  Six  specimens  were  figured  as  the 
types,  and  all  are  in  the  United  States  National 
Museum  and  are  before  me.  Although  several 
of  the  specimens  are  fragmentary,  it  has  long 
seemed  to  me  that  they  show  differences  that 
might  amount  to  specific  distinctness,  but  they 
have  never  before  been  very  critically  exam- 
ined. Three  specimens  (Tertiary  flora,  pi.  56, 
figs.  5,  8,  9)  are  long,  narrowly  acuminate  leaf- 
lets with  an  equal-sided  base,  whereas  the  oth- 
ers (figs.  7,  8,  10)  are  markedly  unequal-sided  at 
the  base  and  have  the  secondaries  at  a  much 
lower  angle. 

A  few  years  later  Newberry  studied  a  large 
number  of  very  well  preserved  leaves  from  the 
same  locality  (Green  River,  Wyo.)  that  had 
supplied  Lesquereux's  types  of  Juglans  schim- 
peri. These  Newberry  ^^  described  and  figured 
under  the  name  Juxjlans  ocddentalis.  It  needs 
but  a  glance  to  show  that  so  far  as  the  base  of 
the  leaflets  is  concerned  Juglans  ocddentalis  is 

absolutely    identical    with    the    three    figures 

♦  — — — ^ — — ^_~^.^^— _^^^^_^^^^__^.^^ 

M  Newberry,  J.  S.,  U.  S.  Geol.  Survey  Mod.  3o,  p.  34,  pi.  65,  lig.  1; 
pi.  66,  figs.  l-4c,  1898. 
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above  mentioned  (figs.  7,  8^  10)  of  Lesque- 
reux's  Juglans  schimperij  and  the  question 
immediately  arises  as  to  the  disposition  that  is 
to  be  made  of  the  various  forms.  If  all  the 
specimens  figured  by  Lesquereux  as  types  of  his 
Juglans  schimperi  are  considered  as  conspecific, 
then  Newberry's  Juglans  ocddentalis  must  be 
referred  to  it.  However,  it  seems  best  to  regard 
Juglans  schimperi  as  a  composite  species  and  to 
retain  the  narrow,  sharp-pointed  leaflets  with 
an  equal-sided  base  and  allocate  them  to  Les- 
quereux's  name,  referring  the  imequal-sided 
specimens  to  Juglans  occidentalis.  The  possi- 
bility is  not  to  be  lost  sight  of,  however,  that 
the  narrow  leaflets  may  be  really  terminal  leaf- 
lets and  hence  would  be  likely  to  have  an  equal- 
sided  base,  but  thus  far  no  specimens  have 
been  foimd  that  show  the  leaflets  attached. 

The  proposed  splitting  up  of  Juglans  scUm- 
peri  makes  some  complications  with  certain 
subsequent  identifications.  Thus,  Hollick  *" 
referred  a  number  of  leaflets  from  the  Wilcox 
group  of  Louisiana  to  Juglans  schimperi  Les- 
quereux. Of  the  foiu:  examples  figured  only 
one  (pi.  33,  fig.  2)  appears  to  belong  to  Les- 
quereux's  species  as  now  restricted. 

Hollick's  figures  above  mentioned  were  re- 
published by  Berry  •^  in  his  paper  on  the  Wilcox 
flora,  but  only  figure  4  of  Plate  XVIII  is  to  be 
retained  under  Juglans  schimperi,  the  others 
going  to  Newberry's  species. 

In  my  report  on  the  flora  of  the  Raton  forma- 
tion*^ I  identified  a  single  leaflet  as  Juglans 
schimperi  on  the  basis  of  its  resemblance  to 
leaflets  so  identified  by  Hollick.  This  now 
becomes  Juglans  occidefdalis. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo.  Wilcox  group,  Louisiana  and 
Mississippi.  Beds  of  Wilcox  age,  western 
Kentucky.  Denver  formation.  Golden,  Colo. 
Clamo  formation  (upper  part),  Bridge  Creek, 
Oreg. 

Juglans  crossil  Knowlton. 

Julians  crosm  Knowlton,  U.  S.  Geol.  Survey  BuU.  152, 
p.  122,  1898. 

Juglara  denticulata  Heer.  Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  298, 1872; 
U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary 
flora),  p.  289,  pi.  58,  fig.  1,  1878.  [Homonym, 
Weber,  1852.] 

~w  Hollick,  Arthur,  Louisiana  Geol.  Survey  Special  Rept.  5,  p.  280, 
pl.32,flg.6;  pi.  33,  figs.  1,2;  pi.  35,  fig.  3, 1899. 
•0  Berry,  E.  W.,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  182,  pi.  is,  figs. 

3-5;  pi.  19,  fig.  4, 1916. 
«  Knowlton,  F.  H..  U.  S.  Geol.  Survey  Prof.  Paper  101,  p.  296,  pi.  64, 

ng.  1, 1918. 


The  first  locality  from  which  this  species  was 
identified  by  Lesquereux  appears  to  have  been 
the  Bozeman  coal  field  of  Montana,  in  beds 
presumed  to  belong  to  the  Livingston  forma- 
tion, but  the  only  specimen  figured  in  the 
"Tertiary  flora"  was  obtained  at  Green  River, 
Wyo.,  above  the  so-called  fish  beds.  This 
specimen  is  in  the  United  States  National 
Museum  (No.  482)  and  has  been  fairly  well 
described  and  figured.  This  species  has  also 
been  reported  from  the  Hanna  formation  of 
Carbon,  Wyo. 

Ju^ns  alkalinaLesqaereax. 

Juglarualkalina  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Bull.,  vol.  1,  p.  382,  1875  [1876];  idem,  Ann. 
Rept.  for  1874,  p.  308,  1876;  U.  S.  Geol.  Survey 
Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  288,  pi.  62, 
figs.  6-9,  1878. 

Leaves  pinnately  compound;  leaflets  lanceolate,  taper- 
ing upward  to  a  long  acumen,  either  narrowed  or  rounded 
to  a  short  x>etiole;  borders  crenulate;  lateral  veins  distant, 
mostly  alternate,  parallel,  separated  by  short  intermediate 
tertiary  veins,  curving  in  passing  toward  the  borders  at  an 
open  angle  of  divergence  and  ascending  high  along  them 
in  festoons;  nervilles  in  right  angle  to  the  veins,  branching 
in  the  middle,  and  forming  by  subdivisions  irregularly 
quadrate  or  polygonal  meshes. — ^Lesquereux. 

Three  of  the  four  types  of  this  species — 
figures  6,  7,  and  8  of  Plate  LXII  in  the  '^Ter- 
tiary flora ' ' — are  preserved  in  the  United  States 
National  Museum  collections  (Nos.  527-529). 

Occurrence:  Green  River  formation,  Alkali 
stage  station,  30  miles  north  of  Green  River, 
Wyo. 

Juglans  winchesteri  Knowlton,  n.  gp. 

Plate  XXXVIII,  figure  5. 

Leaflet  firm  in  texture,  elliptical  or  ovate- 
elliptical,  strongly  unequal-sided,  broadest 
near  the  middle,  thence  gradually  narrowed  to 
an  apparently  rather  obtuse  apex  and  down- 
ward to  the  rounded  base ;  margin  entire  below, 
then  obscurely  toothed,  the  teeth  low;  petiole 
short,  very  thick  and  stout,  curved;  midrib 
very  thick  just  above  the  petiole,  very  much 
thinner  above;  secondaries  ten  or  twelve  pairs, 
alternate,  at  irregular  distances,  arising  at  very 
low  angles,  much  curved  upward,  campto- 
drome,  sending  slender  branches  to  the  mar- 
ginal teeth;  nervilles  strong. 

The  specimen  figured  is  the  only  one  of  this 
species  noted.  It  is  about  9  centimeters  long 
and  4.5  centimeters  wide.  The  petiole  is 
3  millimeters  thick  and  about  8  millimeters 
long. 
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Occurrence:  Green  River  formation,  Rio 
Blanco  County,  20  miles  west  of  Rio  Blanco 
post  office,  Colo.  (sec.  33,  T.  4  S.,  R.  100  W.), 
collected  by  D.  E.  Winchester,  1917. 

Order  FAQALES. 

Family  FAQACEAE. 

Quercns  castaneopels  Lesquereux. 

Quercus  caUaneopais  Leequereux,  U.  S.  Geol.  Survey  Terr. 

Rept.  vol.  8    (Cretaceous   and    Tertiary   floras), 

p.  155,  pi.  28,  fig.  10, 1883. 
Quercua  oastanoides  Newberry,  U.  S.  Nat.  Mus.  Proc., 

vol.  5,  p.  506,  1883;  U.  S.  Geol.  Survey  Mon.  35, 

p.  70,  pi.  65,  fig.  6,  1898. 

Leaf  firm  in  texture,  lanceolate  or  narrowly 
ovate-lanceolate,  12  to  16  centimeters  long, 
2.5  to  6  centimeters  wide,  narrowly  acuminate 
at  the  apex,  rather  abruptly  rounded  to  a 
wedge-shaped  base;  margin  remotely  and 
somewhat  irregularly  set  with  coarse  teeth, 
some  of  them  spinous;  nervation  strong,  the 
midrib  especially  so,  straight;  secondaries 
numerous,  18  or  20  pairs,  unequally  spaced, 
emerging  nearly  at  right  angles,  slightly  curved 
upward,  all  camptodrome,  curving  near  the 
borders,  following  them  and  entering  the  short 
teeth  by  oblique  nervilles;  areolation  of  minute 
polygonal  meshes. 

This  description  is  drawn  from  the  type 
specimens  of  Quercus  casianeopsis  Lesquereux 
and  Quercus  castarundes  Newberry,  both  of 
which  are  preserved  in  the  United  States 
National  Museum  (Nos.  1575  and  7044,  re- 
spectively). Leaves  obviously  of  the  same 
species  were  described  independently  by  Les- 
quereux and  Newberry,  but  as  Lesquereux's 
publication  antedates  that  of  Newberry  by  a 
few  months  his  name  is  selected  as  the  one  the 
species  is  to  bear.  Both  noted  the  resemblance 
to  leaves  of  Castanea  or  CdstanopsiSj  and  curi- 
ously enough  both  selected  almost  identical 
specific  names. 

Occurrence:  Green  River  formation,  Uinta 
(formerly  incorrectly  called  Randolph)  County 
Wyo.  (type  of  Quercus  castaneopsis  Lesque- 
reux); Green  River,  Wyo.  (type  of  Quercus 
castanoides  Newberry). 

Order  TTETICALES. 

Family  XTLMACEAE. 

Pfamera  Inaequflateralis  (Lesqnereiu)  Knowlton,  n.  comb. 

AlnUes  inaequilateralis  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Bull.,  vol.  1,  p.  381, 1875  [1876];  idem, 
Ann.  Rept.  for  1874,  p.  307,  1876;  U.  S.  Geol.  Sur- 


vey Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  141, 

pi.  62,  figs.  1-4,  1878. 
Alnua  inaequilaUralis  Lesquereux,  U.  S.  Geol.  Survey 

Terr.  Rept.,  vol.  8  (Cretaceous  and  Tertiary  floras), 

p.  151, 1883. 
PUmera  variabilis  Newberry,  U.  S.  Nat.  Mus.  Proc.,  vol.  5, 

p.  508,  1882  [1883];  U.  S.  Geol.  Survey  Mon.  35, 

p.  83,  pi.  66,  figs.  5,  6  [not  fig.  7],  1898. 

Leaves  evidently  firm  in  texture,  somewhat 
variable  in  size  (4  to  8  centimeters  long,  2.5  to 
6  centimeters  wide),  broadly  ovate  or  nearly 
oval,  acute  or  rather  obtusely  acute  at  apex, 
strongly  imequal-sided  at  the  roimded  or 
obtusely  wedgershaped  base;  margins  crenu- 
late-dentate;  petiole  short  or  absent;  midrib 
strong,  straight;  secondaries  mainly  alternate, 
the  lowest  one  on  the  broad  side  of  the  leaf 
usually  with  several  outside  branches,  others 
considerably  curved  upward,  ending  in  the 
low  teeth  or  sending  out  minor  branches  that 
enter  the  teeth;  nervilles  at  right  angles  to 
the  secondaries,  mainly  unbroken. 

This  species  as  now  accepted  has  had  a  rather 
complicated  history.  The  original  material 
was  named  and  described,  but  not  figured,  by 
Lesquereux  in  1875,  imder  the  name  Alnites 
inaequilateralis.  It  was  figured  in  the  "Ter- 
tiary flora"  (pi.  62,  figs.  1-4)  in  1878,  but  only 
two  of  the  figured  types  (figs.  1  and  3)  are  now 
to  be  found  in  the  collections  of  the  United 
States  National  Museum.  On  the  publication 
of  the  "Cretaceous  and  Tertiary  floras,''  in 
1883,  Lesquereux  changed  the  generic  name  to 
Alnvs. 

Subsequently  C.  A.  White  made  a  large  col- 
lection of  plants  from  the  same  region  that  had 
supplied  Lesquereux's  Alnites  or  Alnus  inae- 
quilateralis. This  material  was  described  by 
Newberry  •'  in  1883  and  contained  severed 
leaves  that  he  named  Planera  variabilis.  These 
were  not  figured,  however,  until  1898,®*  when 
it  was  at  once  apparent  that  at  least  two  of  his 
figured  types  (figs.  5,  6)  were  identical  with 
Lesquereux's  Alnu^  inaequilateralis. 

Of  course  Lesquereux's  specific  name  has 
priority,  but  a  question  arises  as  to  the  proper 
generic  designation.  It  does  not  seem  to  me 
that  these  leaves  can  belong  to  AlnuSy  in 
which,  so  far  as  I  know,  the  leaves  are  sym- 
metrical at  the  base.  I  have  transferred  them 
to  Planeraj  the  genus  adopted  by  Newberry, 
although  it  is  to  be  admitted  that  they  differ 


"  Newberry,  J.  8.,  U.  S.  Nat.  Mus.  Proc.,  vol.  6,  p.  608, 1883. 
•s  U.  8.  Geol.  Survey  Mon.  35,  p.  83,  pi.  66, 1898. 
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in  some  particulars  from  leaves  of  the  mono- 
typic  living  genus.  The  leaves  of  the  living 
species,  Planera  aquatica  Gmelin,  are  5  or  6 
centimeters  long,  2  to  3  centimeters  wide, 
unequally  wedge-shaped  or  rounded  at  the 
base,  and  with  the  margins  coarsely  crenulate- 
serrate.  They  do  not  appear  to  have  the  lower 
secondary  on  the  broad  side  of  the  leaf 
branched,  but  otherwise  the  difference  is  not 
great  between  these  leaves  and  those  of  the 
fossil  form  under  consideration. 

Occurrence:  Green  River  formation,  Alkali 
stage  station,  Wyo.  (type  locality  for  Alnus 
inaequilateralis  Lesquereux) ;  Green  River, 
Wyo.  (type  locality  for  Planera  variabilis  New- 
berry). 

FamUy  MORACEAE. 

Ficus  ungeri  Lesquereux. 

Ficus  ungeri  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  7,  1872;  U.  S. 
Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p. 
195,  pi.  30,  fig.  3,  1878;  idem,  vol.  8  (Cretaceous  and 
Tertiary  florae),  p.  163,  pi.  44,  figs.  1-3, 1883. 

The  type  of  this  species  is  the  specimen 
figured  ;in  the  '^Tertiary  flora'^  (pi.  30,  fig.  3) 
and  is  No.  265  in  the  United  States  National 
Museum;  it  is  very  well  described  and  figured. 
It  came  from  Green  River,  Wyo.,  where  it 
was  found  above  the  so-called  fish  beds. 

The  specimens  figured  in  the  '*  Cretaceous 
and  Tertiary  floras"  (pi.  44,  figs.  1-3)  are  all  in 
the  Museum  collection  (Nos.  1598,  1599,  1600). 
They  came  from  Alkali  stage  station,  which  is 
about  30  miles  north  of  Green  River,  Wyo. 

Occurrence:    Green  River  formation,  Green 

River,  Wyo.,   above  fish  beds   (type);  Alkali 

stage  station,  30  miles  north  of  Green  River, 

Wyo. 

Ficus  wyomingiana  Lesqaereuz. 

Ficus  wyomingiana  Lesquereux,  U.  S.  Greol.  and  Geog. 
Survey  Terr.  Bull.,  vol.  1,  p.  387, 1875  [1876];  idem, 
Ann.  Rept.  for  1874,  p.  314,  1876;  U.  S.  Geol.  Sur- 
vey Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  205,  pi. 
33,  fig.  3,  1878. 

The  type  and  so  far  as  known  the  only  speci- 
men of  this  species  thus  far  found  is  in  the 
United  States  National  Museum  collection  (No. 
289).  It  is  fragmentary,  lacking  all  of  the 
upper  portion  and  much  of  one  side.  As  Les- 
quereux has  said,  this  leaf  is  strikingly  similar 
in  general  appearance  to  Ficvs  psevdo-populus 
Lesquereux,  which  was  described  from  mate- 
rial collected  atEvanston,  Wyo.,  and  which  has 
since  been  found  abimdantly  in  the  Raton  for- 


mation of  eastern  Colorado  and  northeastern 
New  Mexico  and  the  Wilcox  group  of  the  Gulf 
region.  It  differs,  however,  in  having  the 
lateral  ribs  running  nearly  or  quite  to  the  apex 
of  the  blade  and  in  the  absence  of  any  secondary 
branches,  the  space  between  the  midrib  and 
the  lateral  ribs  as  well  as  between  the  ribs  and 
the  margin  being  filled  with  numerous  fine 
nervilles,  which  are  nearly  at  right  angles  to 
the  midrib. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo. 

Ficus  Cenuinerris  Lesqaerenx. 

Ficus  tenuinervis  Lesquereux,  U.  R.  Geol.  Survey  Terr. 
Rept.,  vol.  8  (Cretaceous  and  Tertiary  floras), 
p.  164,  pi.  44,  fig.  4,  1883. 

This  is  a  mere  fragment  of  the  basal  part  of 
a  leaf  that  Lesquereux  says  is  ''oblong,  or 
lanceolate,  tripalmately  nerved,  rounded  at 
base,  entire."  As  it  stands  it  is  of  com- 
paratively little  value,  for  it  probably  could 
not  be  identified  again. 

Occurrence:  Green  River  formation,  Alkali 
stage  station,  about  30  miles  north  of  Green 
River,  Wyo. 

Order  PBOTBALSS. 

Famny  PBOTEACEAE. 

Lomatia?  microphylla  Lesquereux. 

Lamalia  microphylla  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Bull.,  vol.  1,  p.  389, 1875  [1876];  idem, 
Ann.  Rept.  for  1874,  p.  346,  1876;  U.  S.  Geol. 
Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  211, 
pi.  65,  figs.  14,  15,  1878. 

Described  by  Lesquereux  as  follows: 

Leaves  very  small,  coriaceous,  entire,  linear-lanceolate, 
gradually  narrowed  from  the  middle  to  a  point  and  in  the 
same  degree  to  the  base;  secondary  veins  simple,  abruptly 
curving  near  the  borders  and  following  them  or  entering 
a  mai^nal  band. 

The  two  figured  specimens  on  which  this 
species  is  based  are  not  now  known  to  be  in 
existence.  The  smaller  is  about  2  centimeters 
long  and  the  larger  one  only  3  centimeters 
long;   the  width  is  2  to  4  millimeters. 

The  generic  reference  of  these  little  leaves  is 
extremely  uncertain.  It  is  to  be  doubted  if 
they  are  correctly  placed  in  Lomatia,  though 
they  somewhat  resemble  certain  forms  from 
the  Swiss  Miocene  so  referred  by  Heer.  They 
suggest  leaflets  of  Mimosites,  of  Sophora,  or  of 
SapijiduSj  such  as  Sapindus  angustifolius  Les- 
quereux. 

Occurrence:  Green  River  formation,  near 
mouth  of  White  River  (emptying  into  Green 
River),  Wyo. 
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Order  THTMSLBALES. 

Family  LATTBACSAE. 

Oreodaphne  yiridifluineiisis  Knowlton,  n.  sp. 

Plate  XXXVIII,  figure  6. 

Leaf  coriaceous  in  texture,  lanceolate,  long 
wedge-shaped  at  the  base,  probably  about 
equally  narrowed  above,  about  12  centimeters 
long,  3  centimeters  wide;  margin  perfectly 
entire;  petiole  very  strong,  1  centimeter  long, 
over  2  millimeters  thick;  midrib  straight,  very 
thick  below  and  in  the  middle  of  the  leaf  but 
becoming  thin  above;  secondaries  somewhat 
irregular,  lowest  pair  subopposite,  thin,  at  an 
angle  of  about  40°,  each  running  up  for  some 
distance  and  joining  the  secondary  next  above 
by  a  broad  loop;  next  secondaries  alternate, 
much  stronger,  each  joining  the  one  above  by  a 
loop  far  inside  the  margin,  then  with  a  series 
of  large  bows  on  the  outer  side;  other  second- 
aries similar,  alternate,  with  a  few  intermediate 
secondaries  joining  the  primary  ones;  nervilles 
very  numerous,  mostly  broken,  forming  large 
rectangular  areas,  and  filled  with  irregularly 
quadrangular  areas  and  these  again  with  still 
finer  nerves. 

This  is  a  very  fine  species,  but  unfortunately 
it  is  represented  by  only  the  lower  half  of  a 
leaf,  though  this  is  absolutely  perfect.  It  may 
be  known  by  its  parrowly  lanceolate  shape, 
short,  very  thick  petiole,  imusually  thick  mid- 
rib, and  the  peculiar  arching  and  branching 
secondaries. 

In  shape  and  size  this  species  seems  nearest 
to  Oreodaphne  salinensis  Berry ,•*  from  the 
Wilcox  group  of  Arkansas,  but  it  differs  in 
nervation,  especially  in  the  secondaries. 

Occurrence:  Green  River  formation,  Rio 
Blanco  Coimty,  about  40  miles  southwest  of 
Meeker,  Colo.,  collected  by  D.  E.  Winchester, 
1917. 

Pimdea  siiatulata  Knowlton,  n.  sp. 

Plate  XXXVII,  figure  6 

Leaf  apparently  firm  m  texture,  narrowly 
spatulate,  broadest  in  the  upper  third,  whence 
it  tapers  to  an  acuminate  apex  and  downward 
into  a  long,  narrowly  wedge-shaped  base  that 
merges  with  the  petiole;  nervation  consisting  of 
a  relatively  strong  midrib  and  numerous  thin, 
close,  nearly  parallel  secondaries. 

•♦Berryi  E.  W.,  U.  8.  Geol.  Survey  Prof.  Paper  91,  p.  303,  pi.  82, 
flgi.  1,2, 1017. 


This  little  leaf,  which  is  the  only  one  noted  in 
the  collection,  is  very  narrowly  spatulate,  about 
17  millimeters  long  including  the  petiole,  and 
about  4  millimeters  wide.  The  base  is  so 
merged  into  the  petiole  that  no  more  than  a 
length  of  4  millimeters  can  be  considered  as 
petiole. 

This  species  seems  to  approach  most  closely 
Pimelea  delicaiula  Lesquereux,***  from  the  lake 
beds  at  Florissant,  Colo.,  but  differs  in  being 
much  smaller  and  narrower  and  in  the  appar- 
ently somewhat  thicker  substance  of  the  leaf. 

Occurrence:  Green  River  formation,  oil  shale. 
Cathedral  Bluff,  south  of  Little  Tommies  Draw, 
Rio  Bianco  County,  about  20  miles  west  of 
Rio  Blanco  post  office,  Colo.,  collected  by 
D.  E.  Winchester,  1917. 

Order  BANALSS. 

Family  KTMPHAEACEAS. 

Brasenia?  antiqua  Newberry. 

Brasenia  antiqwa  Newberry,  U.  S.  Nat.  Mub.  Proc.,  vol. 
5,  p.  514,  1882  [1883];  U.  S.  Geol.  Survey  Mon.  35, 
p.  93,  pi.  68,  fig.  7, 1898. 

The  type  of  this  species  is  No.  7018  of  the 
United  States  National  Museum  collections  and 
has  been  well  described  and  figured  by  New- 
berry. No  additional  material  has  been  pro- 
cured, and  hence  there  is  nothing  to  make  the 
identification  either  more  or  less  certain. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo. 

Order  BOSALES. 

Family  C&ASSULACSAS? 

Sedom?  hesperlum  Knowlton,  n.  sp. 
Plate  XXXVII,  figure  7. 

Leaf  apparently  thick  and  fleshy,  broadly 
lanceolate,  widest  near  the  middle,  thence  nar- 
rowed to  the  obtusely  wedge-shaped  base, 
obtuse  and  obscurely  three-lobed  at  the  apex; 
margin  with  two  or  three  large  teeth  or  lobes 
on  each  side;  petiole  very  thick  and  stout; 
nervation  peculiar,  consisting  of  a  rather  strong 
midrib  and  numerous  thin  veins  that  arise  in 
the  lower  part  of  the  blade  and  spread  out,  a 
few  of  them  forking  to  occupy  the  area  be- 
tween midrib  and  margin. 

This  form  is  represented  by  the  single  speci- 
men figured.  It  is  about  2.4  centimeters  long 
and  1  centimeter  wide,  with  the  thick  petiole 

^  Lesquereuz,  Leo,  U.  S.  Oeol.  Survey  Terr.  Rept.,  vol.  8  (Cretaceous 
and  Tertiary  floras),  p.  168,  pi.  33,  figs.  15. 16, 1883. 
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2  millimeters  long.  It  is  a  very  peculiar  leaf, 
well  characterized  by  the  thick,  evidently 
fleshy  substance,  obtuse,  three-lobed  apex, 
several  large  irregular  lobes  or  teeth,  and  above 
all  by  the  thick  petiole,  strong  midrib,  and 
thin,  longitudinal  veins. 

I  am  uncertain  as  to  its  affinity.  I  have 
referred  it  with  a  question  to  Sedum  on  account 
of  its  fleshy  character  and  resemblance  to 
the  living  Sedum  telephioides  Michaux,  but  this 
resemblance  may  be  only  superficial.  In  any 
event  it  may  be  easily  recognized  in  future,  and 
more  and  better  material  may  serve  to  place 
it  more  certainly. 

Occurrence:  Green  River  formation.  Cathe- 
dral Bluff,  south  of  little  Tommies  Draw,  20 
miles  west  of  Rio  Blanco  post  office,  Rio 
Blanco  County,  Colo.,  collected  by  D.  E.  Win- 
chester, 1917. 

Family  DBtJPACSAB. 

Amygdalns  gracilis  Lesqiaerenx. 

Amygdahu  gracUU  Leaquereux,  U.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  8  (Cretaceoiu  and  Tertiary  floras),  p. 
199,  pi.  40,  figs.  12-15;  pi.  44,  fig.  6,  1883. 
Penhallow,   Report  on  Tertiary  plants  of  British 
Columbia,  p.  37, 1908. 

Lesquereux  characterized  this  species  as 
follows: 

Leaves  ovate-lanceolate,  gradually  narrowed  to  the 
acuminate  point  and  in  the  same  degree  to  the  petiole; 
serrulate;  lateral  nerves  at  a  more  or  less  acute  angle  of 
divergence,  much  curved,  camptodrome  and  reticulate 
along  the  borders. 

These  fine  leaves  of  solid  membranaceous  tissue  average 
7  centimeters  long  and  2  centimeters  broad,  with  a  slender 
petiole  about  2  centimeters  long.  They  are  more  or  less 
distinctly  minutely  serrate;  the  nerves,  open  at  base  and 
much  curved  toward  the  borders,  are  joined  by  undulate 
nervilles  nearly  at  right  angles. 

There  appears  to  be  much  confusion  regard- 
ing this  species.  It  is  based  on  five  figured 
specimens,  one  of  which  (the  original  of  pi.  40, 
fig.  12,  of  the  "Cretaceous  and  Tertiary  floras'') 
is  said  to  be  in  the  Museum  of  Princeton  Uni- 
versity; the  others  should  be  in  the  United 
States  National  Museum,  but  only  one  can 
now  be  found.  The  original  of  figure  6  of 
Lesquereux's  Plate  XLIV  is  said  to  have  come 
from  Uinta  County  (formerly  incorrectly  called 
Randolph  County),  Wyo.,  but  this  specimen 
is  missing.  All  the  specimens  shown  on  his 
Plate  XL  (figs.  12  to  15)  are  supposed  to  have 
come   from    Florissant,   Colo.,   but    the    only 


specimen  available  (the  original  of  fig.  13) 
is  No.  1588  of  the  United  States  National 
Museimi  and  is  recorded  as  coming  from  Uinta 
County,  Wyo.,  and  this  record  is  borne  out  by 
the  matrix,  which  is  clearly  identical  with  the 
others  from  Uinta  Coimty  and  whoUy  unlike 
the  Florissant  material.  This  species  has 
not  been  identified  in  any  of  the  recently 
studied  material  from  Florissant,  and  unless 
the  missing  specimens  can  ultimately  be 
shown  to  have  come  from  that  locaUty  it  should 
be  dropped  from  the  Florissant  list. 

Two  of  the  figured  types  of  Amygdalys 
gmcUis  (pi.  40,  figs.  14, 15)  are  poorly  preserved 
fruits  of  which  Lesquereux  wrote  as  follows: 
''The  fruits  appear  to  belong  to  this  genus  and 
possibly  to  this  species.  The  reference  is  of 
course  hypothetical. "  Without  access  to  the 
original  specimens  it  is  impossible  to  say  much 
about  them,  and  to  judge  from  the  figures 
alone  there  seems  very  little  warrant  for  refer- 
ring them  to  AmygdoHua  and  absolutely  none 
for  connecting  them  with  these  leaves. 

Occurrence:  Green  River  formation.  Uinta 
County  (formerly  erroneously  called  Randolph 
Coimty),  Wyo.  All  reference  to  the  occur- 
rence in  the  Florissant  lake  beds  is  extremely 
doubtful. 

Family  PAFILIONACSAB. 
Dalbergia  vlridiflameiisis  Knowlton,  n.  i^ 

Plate  XL,  figure  10. 

Leaflet  small,  very  thick  in  texture,  obovate, 
strongly  emarginate  at  the  apex,  wedge-shaped 
at  the  base,  length  15  millimeters,  width  11 
millimeters;  petiolule  slender,  4  millimeters 
long;  margin  perfectly  entire;  midrib  very 
strong,  especially  on  the  under  side  of  the  leaf, 
straight;  secondaries  thin  but  distinct,  seven 
or  eight  pairs,  at  an  acute  angle,  camptodrome, 
probably  uniting  with  each  other,  but  this 
point  is  obscure. 

Unfortimately  this  specimen  is  the  only  one 
found  in  the  collection,  but  it  is  so  well  marked 
that  it  can  easily  be  recognized. 

The  genus  Dalbergia  is  a  lai^e  one,  com- 
prising over  80  species,  mainly  of  the  Tropics 
of  both  Old  and  New  worlds.  Many  of  the 
species  have  similar  leaves  and  hence  are  hard 
to  separate  on  this  character  alone.  Among 
the  25  or  more  fossil  species  that  have  been 
described  the  one  perhaps  approached  most 
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(dosely  by  the  present  form  is  DaJhergia 
eocenica  Berry,"  from  the  Lagrange  formation 
of  Puryear,  Tenn.  D.  viridijluinensis  differs 
from  tiiat  species,  however,  in  being  more 
regularly  obovate  and  in  being  petiolulate 
instead  of  sessile. 

Occurrence:  Green  River  formation,  Rio 
Blanco  County,  20  miles  west  of  Rio  Blanco 
post  office,  Colo.  (sec.  33,  T.  4  S.,  R.  100  W.), 
collected  by  D.  E.  Winchester,  1917. 

Dalbergia  retnsa  Knowlton,  n.  sp. 

Plate  XL,  figures  5,  6. 

Leaflet  thick  in  texture,  elliptical,  strongly 
retuse  at  the  apex,  abruptly  roimded  and 
equilateral  at  the  base;  petiolule  short,  very 
strong;  midrib  v6ry  strong;  secondaries  thin, 
immersed  in  the  leaf  substance,  at  a  low  angle 
of  emergence,  camptodrome,  forming  loops  just 
inside  the  margin;  fine  nervation  not  discern- 
ible. 

Unfortunately  this  species  is  represented 
only  by  a  single  leaflet  with  its  counterpart, 
both  of  which  have  been  figured,  as  there  are 
certain  features  that  can  not  be  seen  from 
either  impression.  It  is  regularly  eUiptical  or 
slightly  broader  above  the  middle,  being  about 
2.5  centimeters  long  and  2  centimeters  wide. 
The  very  thick  petiolule  is  2  millimeters  long. 
With  the  exception  of  the  strong  midrib  the 
nervation  is  rather  obscure  but  is  thought  to 
be  as  described  above. 

This  little  leaflet  seems  referable  to  the  genus 
DaJhergia  on  the  ground  of  being  strongly 
retuse  at  the  apex  and  slightly  broader  above 
the  middle  and  having  the  type  of  nervation 
usual  in  the  genus.  It  is,  for  instance,  very 
similar  to  Dalbergia  eocenica  Berry,*^  from  the 
Lagrange  formation  (in  beds  of  Wilcox  age)  of 
western  Tennessee,  except  as  regards  size.  It 
also  resembles  certain  leaflets  from  the  Swiss 
Miocene  described  by  Heer."* 

Dalbergia  retusa  is  also  similar  to  Simarvba 
eocenica  Berry  ••  and  Canavalia  eocenica  Berry,'® 
both  from  the  Wilcox  group. 

Occiurence:  Green  River  formation^  Little 
Duck  Creek,  Rio  Blanco  County,  about  50 
miles  southwest  of  Meeker,  Colo. ;  collected  by 
D.  E.  Winchester,  1917. 

•  Berry,  E.  W.,  U.  S.  Oeol.  Survey  Prof.  Paper  91,  p.  245,  pi.  53,  flgs. 
1, 2, 1916. 

"Idom. 

•  Heer,  Oswald,  Flora  tertiarla  Helvetiae,  vol.  3,  pi.  133, 1859. 

•  Op.  dt.,  pi.  54,  flg.  7. 
n  op.  dt.,  pi.  53,  fig.  3. 


LeiniinlnoBltes  alternans  Lesqnereiiz. 

LegwmnosUes  dUemans  Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Bull.,  vol.  I,  p.  388, 1875  [1876]; 
idem,  Ann.  Rept.  for  1874,  p.  315, 1876;  U.  S.  Geol. 
Survey  Terr.  Kept.,  vol.  8  (Cretaceous  and  Ter- 
tiary floras),  p.  202, 1883. 

Leaflet  lanceolate,  narrowed  to  the  sesBile  base  (point 
broken),  apparently  tapering  and  acute;  secondary  veins 
close,  numerous,  15  pairs  in  a  space  of  2.5  centimeters, 
with  indeterminate  shorter  tertiary  veins  anastomosing  by 
crossing  veinlets;  areolation  obsolete. 

This  leaf  is  comparable  to  a  Dalbergia  or  a  Podogonium 
by  its  nervation;  its  form,  especially  the  narrowed  base, 
is  comparable  to  Cassia , 

The  above  description  by  Lesquereux  is  all 
that  has  been  written  concerning  this  species. 
The  type  or  types  are  not  known  to  be  in 
existence,  and  as  it  was  never  figured  its  status 
must  be  considered  more  or  less  unsatisfactory. 

Occiurence:  Green  River  formation,  near 
mouth  of  White  River  (emptying  into  Green 
River),  Wyo. 

Sophora  cdoradensis  Knowlton,  n.  sp. 

Plate  XXXVII,  figures  14-16;  Plate  XL,  figure  11. 

Leaflets  rather  thin  in  texture,  ovate  or 
ovate-elliptical,  obtuse  and  rounded  at  the 
apex,  abruptly  rounded  or  obtusely  wedge- 
shaped  at  the  base;  petiolule  short,  stout; 
midrib  moderately  strong,  straight;  seconda- 
ries few,  mainly  opposite,  thin,  at  a  low  angle, 
camptodrome,  forming  broad  loops,  especially 
in  the  upper  part. 

The  smallest  of  the  several  leaflets  referred 
to  this  species  (fig.  14)  is  about  2.25  centi- 
meters long  and  1.8  centimeters  wide,  and  the 
largest  (fig.  16)  about  4  centimeters  long  and 
2  centimeters  wide.  In  both  these  leaflets  the 
base  is  obtusely  wedge-shaped,  but  in  another 
example  (fig.  16)  the  base  is  much  more 
abruptly  rounded — in  fact,  almost  truncate. 
It  is  nearly  2.5  centimeters  wide  and  was 
probably  not  far  from  5  centimeters  long. 

This  species  suggests  some  of  the  forms  of 
Sophora  wilcoxiana  Berry,  ^^  from  the  Wilcox 
group,  but  is  more  ovate  or  ovate-elliptical 
and  has  more  arched  secondaries. 

Occurrence:  Green  River  formation,  Little 
Duck  Creek,  Rio  Blanco  County,  about  50 
miles  southwest  of  Meeker,  and  Camp  Gulch, 
25  miles  northwest  of  De  Beque,  Colo.,  col- 
lected by  D.  E.  Winchester,  1917. 

n  Berry,  E.  W.,  U.  8.  Geol.  Survey  Pror,  Paper  91,  p.  241,  pi.  47, 
flgs.  1-13, 1916. 
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FaxnUy  MIMOSACSAB. 
Mimosikes  coloradensis  Knowltan»  n.  sp. 

Plate  XL,  figures  1-3. 

Leaves  pinnate;  leaflets  opposite,  sessile  or 
nearly  so,  linear  or  linear-lanceolate,  slightly 
unequal-sided,  rather  abruptly  rounded  at  the 
base,  acuminate  or  obtuse  at  the  apex ;  margin 
perfectly  entire;  nervation,  except  for  a 
strong  midrib,  mainly  obsolete. 

This  species  is  represented  by  one  leaf  that 
has  the  petiole  preserved  complete — 2.5  centi- 
meters long — with  parts  of  two  sessile  leaf- 
lets, as  well  as  by  a  considerable  number  of 
detached  leaflets.  The  smallest  is  about  8 
millimeters  long  and  the  longest  28  millimeters 
long.  The  width  is  2  or  3  millimeters.  The 
leaflets  are  evidently  thick,  as  hardly  anything 
but  the  midrib  is  discernible. 

This  species  is  very  closely  related  to  and 
perhaps  identical  with  Mimosites  linearifolius 
Lesquereux,"  from  the  lake  beds  at  Florissant, 
Colo.,  but  appears  to  differ  in  being  less  ful- 
cate  and  less  sharply  pointed.  In  one  of  the 
leaflets  there  is  a  slight  indication  that  the  mid- 
rib is  excurrent. 

This  species  is  similar  to  certain  of  the 
smallest  leaflets  of  Mimosites  variabilis  Berry,'' 
from  beds  of  Wilcox  age  in  the  Lagrange 
formation  of  western  Tennessee  and  Kentucky, 
and  from  the  Wilcox  group  of  Mississippi, 
but  these  are  more  nearly  elliptical  with 
obtuse  base  and  apex. 

Occurrence:  Green  River  formation,  spring 
on  Little  Duck  Creek,  about  50  miles  south- 
west of  Meeker,  Rio  Blanco  County,  Colo., 
collected  by  D.  E.  Winchester,  1917. 

Order  GEBANIALES. 
FamUy  SIMASUBACEAE. 

AilanUius  longe-petiolata  Lesquereuz. 

Ailanthxis  longe-'petiolata  Leequereux,  U.  S.  Geol.  Survey 
Terr.  Kept.,  vol.  8  (Cretaceous  and  Tertiary  florae), 
p.  197,  pi.  40,  figs.  6,  7.  1883. 

Both  figured  types  of  this  species  are  pre- 
served in  the  United  States  National  Museum, 
the  leaflet  being  No.  1586  and  the  fruit  No. 
1587.  No  additional  examples  of  either  leaves 
or  fruit  have  been  collected,  and  it  may  stand 
as  left  by  Lesquereux. 

"Lesquereux,  Leo,  U.  S.  Gcol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary 
flora),  p.  300,  pi.  59,  ftg.  7,  1878:  idem,  vol.  8  (Cretaceous  and  Tertiary 
floras),  p.  203,  pi.  37,  flgs.  10-13,  1883. 

"  Berry,E.  W.,  U.  8.  Geol.  Survey  Prof.  Paper  91,  p.  227,  pi.  45,  flgs. 
e-11,  1916. 


Occurrence:  Green  River  formation,  Uinta 
County  (formerly  wrongly  called  Randolph 
County),  Wyo. 

Order  SAPINDALES. 

Family  SAPINDACEAE. 

Sapindus  dentoni  Lesipiereiiz. 

Sapindu8  dentoni  Leequereux,  U.  S.  Geol.  and  Geog. 
Surxey  Terr.  Bull.,  vol.  1,  p.  388,  1875  [1876]; 
idem,  Ann.  Rept.  for  1874,  p.  315,  1876;  U.  S.  Geol. 
Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  265, 
pi.  44,  figs.  2-A,  1878. 

Described  by  Lesquereux  as  follows: 

Leaflets  with  entire  or  slightly  undulate  borders,  lan- 
ceolate [6  or  7  centimeters  long,  1.1  to  1.7  centimeters  wide], 
gradually  tapering  to  a  long  acumen,  rounded  to  the 
[slightly  unequal-sided]  base  and  narrowed  to  a  short 
petiole  [1  centimeter  long];  lateral  nerves  close,  parallel, 
nearly  straight  to  the  borders,  where  they  abruptly  curve. 

Unfortunately  the  type  specimens  of  this 
species  are  now  lost;  at  least,  they  do  not  appear 
to  be  in  the  United  States  National  Museum, 
and  their  location  is  not  known.  Lesquereux 
compares  these  '^ leaflets^'  with  those  of  Sapin- 
dus  angusiifolius  Lesquereux,  from  the  Floris- 
sant lake  beds,  but  there  are  sufficient  differ- 
ences to  separate  them.  They  can  also  be  com- 
pared with  leaves  of  Eucalyptus?  americanus 
Lesquereux,  as  figured  in  the  '^Tertiary  flora," 
Plate  LIX,  figures  11  and  12,  but  as  we  have 
only  the  drawings  to  go  by  it  is  perhaps  best  to 
leave  them  under  Sapindus. 

Occurrence :  Green  River  formation,  near  the 
mouth  of  White  River,  Utah,  collected  by  Wil- 
liam Denton,  for  whom  the  species  is  named. 

Sapindus  obtusifoUiis  Lesquereux. 

Sapindus  ohtusifolius  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1873,  p.  419,  1874; 
U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary 
flora),  p.  266,  pi.  49,  figs.  8-11,  1878;  idem,  vol.  8 
(Cretaceous  and  Tertiary  floras),  pp.  181,  235,  pi.  48, 
figB.  5-7,  1885. 

The  type  locality  of  Sapinus  ohtusifoliv^s  is 
about  8  miles  southeast  of  Green  River,  Wyo., 
where  it  was  found  in  association  with  Jftt^o- 
phyllum  complicatum  Lesquereux  and  a  frag- 
ment of  a  leaf  of  Carpinus  grandis.  The  four 
figured  types  are  all  preserved  in  the  United 
States  National  Museum  (Nos.  392-395). 

Subsequently  Lesquereux'*  stated  that  he 
found  a  single  specimen  with  the  leaflets  at- 
tached in  material  from  the  lake  beds  at  Floris- 

1*  Lesquereux,  Leo,  U.  S.  Oeol.  Sur\'ey  Terr.  Rept.,  vol.  8  (Cretaoeous 
and  Tertiary  floras),  p.  181, 1883. 
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santy  Colo.  I  have  not  seen  this  specimen^  but 
Lesquereux  says  it  is  even  smaller  than  that 
of  figure  8  of  the  "Tertiary  flora.'' 

In  the  "Cretaceous  and  Tertiary  floras'*  Les- 
quereux^*  also  reported  this  species  from  the 
Fort  Union  formation  of  North  Dakota.  The 
present  location  of  the  specimens  so  designated 
is  not  known,  but  they  were  very  well  figured, 
and  from  the  figures  it  appears  that,  although 
they  resemble  the  originals  of  S.  obtusifolia,  they 
are  probably  a  different  species.  The  largest 
leaflet  is  11.5  centimeters  long  and  4  centi- 
meters wide,  and  it  seems  questionable  to  place 
them  with  leaflets  only  1  to  1.5  centimeters 
long.  It  will  require  a  considerable  series  of 
connecting  forms  to  show  the  relationship. 

The  recent  collections  from  western  Colorado 
contain  a  number  of  leaflets  that  are  to  be  re- 
ferred to  Sapindiis  obtusifoliuSj  but  as  they  add 
nothing  to  our  knowledge  of  the  species  they 
have  not  been  figured. 

Occurrence :  Green  River  formation,  8  miles 
southeast  of  Green  River,  Wyo.,  collected  by 
Leo  Lesquereux,  1873;  spring  on  Little  Duck 
Creek,  about  50  miles  southwest  of  Meeker,  Rio 
Blanco  County,  Colo.,  collected  by  D.  E.  Win- 
chester, 1917. 

Sapindus  wtnchesteri  Knowlton,  n.  sp. 

Plate  XXXVIII,  figure  1. 

Leaflet  very  large,  14.5  centimeters  long  and 
3.5  centimeters  wide,  lanceolate,  strongly 
unequal-sided,  broadest  at  about  one-third  of 
the  length  above  the  base,  whence  it  narrows 
gradually  to  the  rather  obtuse  apex  and  down- 
ward to  the  wedge-shaped  base;  nervation 
strong,  especially  the  midrib,  with  about  16 
pairs  of  alternate,  irregularly  spaced  camp- 
todrome  secondaries,  which  arise  at  low  angles, 
curve  upward  slightly,  and  arch  just  inside  the 
margin,  each  joining  the  one  next  above ;  there 
are  a  few  intermediate  secondaries  and  a  strong 
secondary  nervation. 

This  splendid  species  is  represented  by  the 
nearly  perfect  leaflet  figured  and  a  number  of 
smaller  fragments.  It  is  one  of  the  largest, 
if  not  indeed  the  largest  species  thus  far 
described  in  this  country.  It  somewhat 
resembles  Sapindus  qffinis  Newberry,'*  an 
extremely  abundant  form  in  the  Fort  Union, 
but  it  is  more  than  twice  the  size  of  the  ordinary 

»  U.  S.  Qeol.  Survey  Terr.  Rcpt.  vol.  8,  p.  235,  pi.  48,  figs.  5-7,  1AS3. 
w  NeTTberry,  J.  S.,  17. 8.  Geol.  Survey  Mod.  35,  p.  116,  pi.  30,  flg.  1, 1898. 


leaflets  of  that  species  and  is  much  more 
obtuse  at  the  apex  and  has  a  much  stronger 
nervation.  It  is  mpre  like  certain  leaflets  from 
the  Fort  Union  of  the  Yellowstone  Park  identi- 
fied as  Sapindus  ajinis,""  though  it  is  much 
larger  and  has  a  stronger  nervation. 

The  only  species  of  Sapindus  heretofore  noted 
in  the  Green  River  formation  is  S,  dentoni 
Lesquereux,^*  but  this  is  a  small-leaved  form 
-wholly  unlike  the  present  one. 

Occurrence:  Green  River  formation,  oil 
shale.  Smith  ranch,  on  Greasewood  Creek, 
about  40  miles  southwest  of  Meeker,  Rio 
Blanco  County,  Colo.,  collected  by  D.  E.  Win- 
chester, 1917. 

Family  ANACABDIACSAS. 
Rhus  leaqaereuxU  Knowlton  and  CockerelL 

Rhus  lesquereiLxii  Knowlton  and  Cockerell,  U.  S.  Geol. 

Survey  Bull.  696,  p.  552,  1919. 
Rhus  acuminata  Lesquereux,  U.  S.  Geol.  smd  Geog.  Survey 

Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  8,  1872;  U.  S. 

Geol.  Survey  Terr.  Rept.,  vol.  8  (Cretaceous  and 

Tertiary  florae),  p.  194,  pi.  42,  figa.  14-17,  1883. 

[Homonym,  De  CandoUe,  1865.] 

The  type  locality  for  Rhus  a^cuminaia  Les- 
quereux is  Green  River,  Wyo.,  above  the  so- 
called  fish  beds,  but  the  type  specimen  is  not 
known  to  be  in  the  collection  of  the  United 
States  National  Museum  and  is  presumably 
lost.  It  has  not  subsequently  been  found  in 
the  Green  River  formation,  the  figured  speci- 
mens being  from  the  lake  beds  at  Florissant, 
Colo.  (U.  S.  Nat.  Mus.  Nos.  1871-1874).  Its 
status  as  a  Green  River  soecies  is  therefore  open 
to  question. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo.,  above  the  fish  beds. 

Rhas  yariabilis  (Newberry)  Knowlton,  n.  comb. 

Planera  variabilis  Newberry,  U.  S.  Nat.  Mus.  Proc.,  vol.  5, 
p.  508,  1883;  U.  S.  Geol.  Survey  Mon.  35,  p.  83,  pi. 
66,  fig.  7  [not  figs.  5  and  6,  which=Planera  inaequi- 
lateralis  (Lesquereux)  Knowlton],  1898. 

Leaf  firm  in  texture,  lanceolate,  about  6 
centimeters  long  and  2  centimeters  wide,  acute 
at  the  apex,  evenly  wedge-shaped  (at  about 
45°  angle)  at  the  base;  margin  coarsely  and 
somewhat  irregularly  toothed;  petiole  stout, 
at  least  1  centimeter  long;  midrib  strong; 
secondaries  numerous,  irregularly  spaced,  par- 
allel, at  a  low  angle,  ending  in  the  margin. 


rr  Knowlton,  F.  H.,  U.  S.  Oeol.  Survey  Mon.  32,  pt.  2,  pi.  102,  flgs. 
1-3,  1899. 

»•  lesquereux,  Leo,  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary 
flora),  p.  285,  pi.  64,  flgs.  2-4, 1883. 
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This  species  is  based  on  one  of  the  figured 
types  of  Newberry's  Planera  variabitis.  At  the 
time  it  was  made  a  type  Newberry  apparently 
had  some  misgiving,  for  he  said: 

Poflsibly  future  collections  will  prove  that  the  narrower, 
more  rigid  fonn  with  the  deeply  cut  and  acute  serrationB 
and  parallel,  nearly  straight  lateral  veins,  shown  in  figure 
7,  belongs  toa  different  species ;  but  in  the  very  large  num- 
ber of  Planera  leaves  before  me  it  is  impossible  to  make 
any  division  without  making  several.  They  are  therefore 
all  grouped  together  for  the  present. 

He  further  adds  that  he  had  at  his  disposal  a 
large  number  of  specimens  that  seem  to  con- 
nect the  two  forms,  but  as  these  are  not  avail- 
able it  appears  best  to  consider  them  as  dis- 
tinct. 

It  may  also  be  pointed  out  that  the  leaf  un- 
der discussion  seems  to  be  congeneric  with 
Myrica  (now  Rhus)  niffricans  Lesquereux  '^  and 
for  this  reason  has  been  transferred  to  the  genus 
Rhv^,  It  is  more  nearly  lanceolate  and  has 
rather  coarser  marginal  teeth,  but  otherwise 
does  not  greatly  differ.  It  is  not  contained  in 
any  of  the  more  recent  collections. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo.  (one  of  the  types  of  Planera  varior 
hUia),  collected  by  C.  A.  White. 

Rhus  nigricans  (Lesqnereiix)  Knowiton,  n.  comb. 

Myrica  nigrican$  Lesquereux,  U.  S.  Geol.  and  Geog.  Sur- 
vey Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  6,  1872; 
U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary 
flora),  p.  132,  pi.  17,  figs,  9-12, 1878. 

Myrica  nigricans  was  described  as  follows  by 
Lesquereux: 

LeaveB  nearly  sesBile,  alternate,  oblong  or  linear-lanceo- 
late, acuminate,  round-cuneate  to  the  base,  obtusely 
dentate;  nervation  camptodrome. 

He  supplemented  this  description  with  the 
following  remarks: 

The  leaves  of  this  species  are  like  those  of  the  former 
[Myrioa  undulataf  Heer],  only  narrower,  all  narrowly 
lanceolate  or  linear-lanceolate,  narrowed  toa  long  aciunen, 
and  about  sessile  or  with  a  very  short  petiole  about  1  milli- 
meter long.  They  are  more  or  less  unequal  at  the  base, 
distantly  obtusely  dentate  in  the  middle. 

Three  of  the  figured  types  of  this  species  are 
preserved  in  the  United  States  National  Mu- 
seum (figs.  9-11,  Nos.  401a,  150,  151)  and  are 
seen  to  be  fragmentary.  The  specimen  shown 
in  figiu^e  9  is  evidently  the  one  on  which  is  based 
the  statement  that  the  leaves  are  simple  and 

n  Lesquereux,  Leo,  U.  8.  Qeol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary 
flora),  p.  132,  pi.  17,  figs.  1^12, 1878. 


alternate,  but  a  close  view  of  the  original  did* 
closed  that  there  was  a  piece  of  the  matrix 
covering  the  point  of  attachment  of  one  leaf, 
and  when  this  was  removed  they  were  found  to 
be  practically  opposite.  They  are  slightly  un- 
equal-sided and  in  my  opinion  are  leaflets  of 
a  pinnately  compound  leaf.  This  conclusion 
of  necessity  removes  the  form  from  Myricay 
which  has  simple  leaves,  and  it  seems  to  justify 
their  reference  to  Rhus.  The  other  types  are 
also  slightly  imequal-sided  and  are  probably 
conspecific.  The  margin  is  undulate-toothed 
in  these  three-figured  specimens,  but  another 
figure  (fig.  10a)  shows  the  margin  with  sharp 
teeth. 

Occurrence:  Green  River  formation,  Green 
River,  Wyo.,  northwest  of  station  and  above 
the  fish  beds,  collected  by  F.  V.  Hayden,  1868* 

Rhiu  myrloofdes  Knowlton*  n.  sp. 

PUte  XXXVII,  figures  »-ll. 

Leaflets  of  firm  texture,  narrowly  lanceolate^ 
prolonged  above  into  a  slender  acuminate  tip^ 
abruptly  narrowed  and  unequal-sided  at  the 
base;  margin  entire  for  a  short  distance  at  the 
base,  thence  strongly  toothed,  the  teeth  del- 
toid, pointing  upward;  petiolule  short,  stout;, 
midrib  relatively  strong,  especially  below;  sec- 
ondaries and  intermediate  secondaries  numer- 
ous, mainly  alternate,  thin,  emerging  at  a  low 
angle,  sUghtly  curved  upward,  craspedodrome, 
the  stronger  ones  entering  the  teeth,  the  others, 
at  intermediate  points;  finer  nervation  obscure. 

This  species  is  represented  by  a  number  of 
very  well  preserved  leaflets,  three  of  the  most 
nearly  perfect  of  which  have  been  figured.  The 
length  was  apparently  from  about  5.5  to  6.5- 
centimeters  and  the  width  approximately  1 
centimeter.  The  petiolule  is  very  short,  hardly 
exceeding  2  milimeters. 

This  species  is  undoubtedly  most  closely  re- 
lated to  Rhv^  nigricans  {Myrica  nigricans 
Lesquereux*®) — in  fact,  they  may  be  identical. 
Rhus  myricoides  appears  to  differ  in  being  more 
strongly  toothed  and  to  a  minor  degree  in  the 
nervation. 

Occurrence :  Green  River  formation,  Smith 
ranch,  on  Greasewood  Creek,  about  40  milea 
southwest  of  Meeker,  Rio  Blanco  Coimty,  Colo.^ 
collected  by  D.  E.  Winchester,  1917. 

M  Lesquereux,  Leo,  U.  S.  Geol.  Survey  Terr.  Rept.,  toI.  7  (Tertiary 
flora),  p.  132,  pi.  17,  figs.  0-12, 1878. ' 
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FunUy  CXLASTRACEAE. 

Eaonymiui  flezifolius  Lesqaerenx. 

ESionymusJUocifolius  Leequereux,  U.  S.  Geo).  Survey  Terr. 
Kept.,  vol.  8  (Cretaceous  and  Tertiary  floras),  p.  183, 
pi.  38,  fig.  13,  1883. 

This  splendid  species  is  described  as  follows 
"by  Lesquereux: 

I^eaves  large  [16.5  centimeters  long,  5  centimeters  wide], 
ovate-acuminate  from  an  oval  base,  flexures  at  the  apex, 
narrowed  from  the  middle  to  the  petiole,  sharply  deeply 
serrate;  secondary  nerves  alternate,  equidistant  and  par- 
allel, camptodrome. 

The  single  type  specimen  is  the  only  one  thus 
far  obtained.  It  is  No.  1585  of  the  United 
States  National  Museum  collection. 

Occurrence:  Green  River  formation,  Uinta 
County  (formerly  incorrectly  called  Randolph 
county),  Wyo. 

FamUy  ACXSACXAS. 

Acer  lesqaerenxii  Knowlton. 

Acer  lesquereuxii  Knowlton,  U.  S.  Geol.  Survey  Bull.  152, 

p.  26,  1898. 
Acer  indivisum  Lesquereux,  U.  S.  Geol.   Survey  Terr. 

Rept.,  vol.  8  (Cretaceous  and  Tertiary  floras),  p. 

180,  pi.  36,  flgs.  6, 9, 1883.    [Homonym,  Weber,  1852.] 

Lesquereux's  original  description  reads  as 
follows: 

Leaves  small,  of  thin  texture,  round-truncate  in  outline, 
five-nerved  and  five-lobed;  lobes  entire,  sharply  acumi- 
nate; sinuses  broad,  entire  or  dentate  in  the  middle; 
petiole  comparatively  long,  inflated  under  the  point  of 
attachment. 

The  leaves  are  5.5  centimeters  broad  between  the  points 
of  the  upper  lobes  and  only  4  centimeters  long  from  the 
top  of  the  petiole,  which  is  5.5  centimeters  long. 

The  type  of  the  leaf  on  which  this  species  is 
based  is  preserved  in  the  United  States  National 
Museum  (No.  1582),  but  the  fruits  fdso  made 
cotypes  are  not  to  be  found  here.  This  species 
has  not  been  foimd  in  subsequent  collections. 

Occurence:  Green  River  formation,  Uinta 
Coimty  (formerly  wrongly  called  Randolph 
Coimty),  Wyo.,  collected  by  F.  V.  Hayden. 

Family  lUCACEAE. 

Hex?  aflinis  Lesquereux. 

Ilexf  affinis  liCsquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  8,  1872;  U.  S. 
Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p. 
270,  pi.  50,  figs.  2,  3,  1878. 

This  species  is  based  on  two  examples,  both 
of  which  were  figured  by  Lesquereux,  and  both 


are  in  the  United  States  National  Musemn  col- 
lection (Nos.  400, 401) .  They  are  fragmentary, 
as  he  states,  both  having  lost  the  upper  por- 
tion.   Lesquereux  says: 

These  leaves,  inequilateral  at  base,  seem  like  pinnules 
of  a  compound  leaf.  The  midrib  is  thick,  the  secondary 
veins  numerous,  parallel,  inequidistant,  and,  at  an  open 
angle  of  divergence,  either  enter  the  point  of  the  teeth 
and,  by  their  branches,  follow  the  borders  in  festoons  or 
are  truly  camptodrome,  with  nervilles  passing  up  from 
the  back  of  the  curves  into  the  teeth. 

Lesquereux  questioned  the  generic  reference 
of  these  leaves,  and  it  is  more  than  probable 
that  they  should  be  placed  elsewhere,  but  they 
are  so  fragmentary  that  affinities  are  inter- 
preted with  difficulty,  and  it  may  be  best  to 
leave  them  for  the  present  in  Ilex. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo.,  above  the  fish  beds. 

Hex  maculate  Lesquereux. 

Ilex  maculata  Lesquereux,  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  8  (Cretaceous  and  Tertiary  floras),  p.  186,  pi. 
44,  fig.  5,  1883. 

The  single  type  specimen  (No.  1603,  U.  S. 
Nat.  Mus.)  is  the  only  one  recorded  of  this 
species.  It  is  poorly  preserved  and  the  generic 
reference  is  open  to  more  or  less  question. 

Occurrence:  Green  River  formation,  Alkali 
stage  station,  about  30  miles  north  of  Green 
River,  Wyo. 

Hex  Tyomingiana  Lesquereux. 

Ilex  vyomingiana  I^esquereux,  U.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  7  (Tertiary  flora),  p.  270,  pi.  50,  fig. 
1,  1878. 

The  type  of  this  species  (No.  399,  U.  S.  Nat. 
Mus.)  is  so  fragmentary  and  obscure  that  it  is 
difficult  to  interpret.  Its  reference  to  Ilex  may 
well  be  questioned,  but  as  no  other  relation- 
ship can  reasonably  be  suggested  it  is  left  as 
placed  by  Lesquereux. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo.,  above  the  fish  beds. 

Order  BHAMNALES. 

FamUy  BHAMNAGSAE. 

Zizyphus  longifdla  Newberry. 

Plate  XL,  figure  7. 

ZizyphiLS  hngifolia  Newberry,  U.  S.  Nat.  Mus.  Proc,  vol. 
5,  p.  513,  1882  [1883];  U.  S.  Geol.  Survey  Mon.  35, 
p.  119,  ipl.  65,  figs.  3,  4  [not  fig.  5,  which= 
Zizyphus  cinnamomoidea  Lesquereux],  1898. 

Leaves  evidently  very  firm  in  texture,  7.5  to 
9.5   centimeters  long,   about   1.5   centimeters 
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wide,  lanceolate,  rather  abruptly  rounded  to 
the  obtusely  wedge-shaped  base,  long  pointed 
at  apex;  margins  waved  or  more  or  less  dis- 
tinctly toothed;  petiole  slender,  at  least  2 
centimeters  long;  midrib  well  defined  from 
base  to  summit;  lateral  nerves  or  ribs  arising 
with  the  petiole  and  nearly  as  strong,  passing 
up  close  to  the  margin  for  nearly  one-half  the 
length  of  the  blade,  then  joining  the  lowest 
pair  of  secondaries  on  the  midrib;  secondaries 
three  or  four  pairs,  alternate,  curving  upward, 
forming  a  festoon  near  the  margin;  nerviUes 
finely  reticulated. 

Newberry  figured  three  specimens  as  the 
types  of  this  species,  and  all  are  preserved  in 
the  United  States  National  Museum  (Nos. 
7020,  7021,  7022).  Of  these,  two  (figs.  3  and  4 
of  his  plate)  agree  with  the  above  description 
and  are  here  taken  as  typical  of  Zizyphus  longi- 
folia.  The  other  specimen  is  obviously  differ- 
ent— ^in  fact,  it  agrees  with  Zizyphus  cinna- 
momoidea  Lesquereux,*^  as  Newberry  himself 
pointed  out,  and  it  is  transferred  to  that 
species.  Newberry  states  that  Zizyphus  longi- 
folia  is  very  abundant  in  the  collections  sub- 
mitted to  him  and  is  usually  associated  in  the 
beds  with  Lygodium  and  Acrostichum, 

In  the  collections  from  western  Colorado  I 
find  several  leaves  of  this  species,  one  of  which 
I  have  figured.  It  is  a  narrow  leaf  about  8 
centimeters  long  and  1.6  centimeters  wide. 
Its  margin  is  provided  with  remote,  low, 
rounded  teeth.  The  nervation  is  that  de- 
scribed and  figured  for  the  species. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo.;  oil  shale  at  Smith  ranch,  on 
Greasewood  Creek,  about  40  niles  southwest 
of  Meeker,  Colo.,  collected  by  D.  E.  Winchester, 
1917. 

Zizyphus  ciimamomoides  (Lesqnereax)  Lesquereox. 

Zizyphus  cinnamomoides  (Lesquereux)  Leequereux,  U.  S. 

Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora), 

p.  277,  pi.  52,  figs.  7,  8,  1878. 
Zizyphus  longifolia  Newberry,  U.  S.  Geol.  Sur\'^ey  Mon. 

35,  pi.  65,  fig.  5  [not  figs.  3,  4],  1898. 
Ceanothus  cinnafnomoides  L>eequereux,  U.  S.  Geol.  and 

Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  289, 1872. 

Leaves  of  firm  texture,  5  to  9  centimeters 
long,  1.5  to  2.5  centimeters  wide,  oblong  or 
ovate-lanceolate,  broadest  at  or  a  little  below 
the    middle,    wedge-shaped   below,    prolonged 

«i  I^esqiiereux,  Ijco,  V.  S.  Geol.  Survey  Terr.  Kept.,  vol.  7  (Tertiary 
flora),  p.  277,  pi.  52.  figs.  7,  8,  1878. 


above  into  a  slender  point;  margin  more  or 
less  crenate  from  a  point  well  above  the  base 
of  the  blade;  triple-nerved  from  the  top  of  the 
petiole,  the  midrib  straight,  with  four  or  five 
pairs  of  thin  secondaries  in  the  upper  part; 
lateral  nerves  or  ribs  closer  to  the  mai^n  than 
the  midrib,  joining  the  lowest  pair  of  second- 
aries; finer  nervation  irregularly  recticulate. 

Lesquereux  based  this  species  on  two  leaves 
from  Green  River  shale,  both  of  which  lack  the 
upper  portion.  Later  Newberry  received 
material  from  the  same  locaUty  and  from  it 
he  characterized  his  Zizyphus  longifolia.  Of 
the  three  types  figured  by  Newberry  two  are 
aUke  and  are  long,  narrow,  three-nerved  leaves, 
but  the  other  is  clearly  identical  with  Les- 
quereux's  Zizyphus  cinnamomoides  and  has 
been  transferred  to  it. 

Ward  ^  identified  a  single  small  leaf  from  the 
Fort  Union  formation  near  Glendive,  Mont., 
with  Lesquereux^s  Zizyphus  cinnamomoides, 
but  it  has  a  very  diflferent  nervation  and  mrst 
be  excluded. 

Occurrence:  Green  River  formation,  Green 
River,  Wyo. 

Family  VITACXAE. 

Ciasiu  parrotdaefolia  Lesquereux. 

Cisnu  parrottiaefolia  Leequereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Bull.,  vol.  1,  p.  388,  1875  [1876]; 
idem,  Ann.  Rept.  for  1874,  p.  314,  1876;  U.  S- 
Geol.  Survey  Terr.  Rept,  vol.  7  (Tertiary  flora), 
p.  239,  pi.  40,  figs.  15-17;  pi.  42,  fig.  1,  1878. 

The  three  types  of  this  species  supposed  to 
be  from  Green  River,  Wyo.,  are  in  the  United 
States  National  Museiun  (Nos.  343,  344,  345). 
The  matrix  is  rather  soft  yellowish  sandstone, 
quite  unlike  anything  from  the  Green  River 
beds  with  which  I  am  famiUar,  and  there  is 
doubt  as  to  the  propriety  of  continuing  this  as 
a  Green  River  species. 

Occurrence:  Green  River  formation,  Green 
River,  Wyo.,  west  of  station. 

Parthenocissus  tertiaria  (Lesqnereiix)  Knowlton,  n.  comb. 

Ampelopsis  tertiaria  Lesquereux,  U.  S.  Geol.  and  Geog. 
Siu^ey  Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  7, 
1872;  U.  S.  Geol.  Survey  Teir.  Rept.,  vol.  7 
(Tertiary  flora),  p.  242,  pi.  43,  fig.  1,  1878. 

The  type  and  only  specimen  of  this  species 
found  is  preserved  in  the  United  States 
National   Museum    (No.    361)    and   has   been 

wWard,  L.  F.,  U.  S.  Geol.  Survey  Sixth  Ajin.  Rept.,  for  1S84-S5, 
p.  554,  pi.  52,  fig.  3, 1886;  idem.  Bull.  37,  p.  74,  pi.  33,  fig.  7, 1887. 


REVISION   OF  THE  FLORA   OF  THE  GREEN  RIVER  FORMATION. 


171 


fairly  well  characterized  by  Lesquereux.  The 
two  leaflets  on  the  left-hand  side  are  repre- 
sented as  broken,  but  really  they  pass  under 
one  of  the  type  specimens  of  Juglans  schimperi 
and  can  not  be  excavated  without  destroying 
the  Juglans. 

Occurrence:  Green  River  formation,  Green 
River,  Wyo.,  above  the  fish  beds. 

Order  MTBTALES. 
FamUy  MYBTAGEAE? 
Eucalyptus?  americanus  Lesquereux. 
Plate  XXXIX,  figures  1-3. 

Eucalyptusf  americana  Lesquereux,  U.  S.  Geol.  Survey 
Terr.  Kept.,  vol.  7  (Tertiary  flora),  p.  296,  pi.  59, 
figs.  11, 12, 1878. 

Eucalyptus  americanus  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  7, 1872. 

Apocynophyllum  scudderi  Lesquereux,  U.  S.  Geol.  Survey 
Terr.  Jlept.,  vol.  8,  (Cretaceous  and  Tertiary 
floras),  p.  172,  pi.  45,  A,  figs.  1-5,  1883. 

Salix  anfftutta  Al.  Braun?  Newberry,  U.  S.  Geol.  Siurvey 
Mon.  35,  p.  54,  pi.  65,  fig.  2, 1898. 

Leaves  coriaceous  in  texture,  narrowly  lan- 
ceolate, gradually  tapering  upward  from  below 
the  midcUe  into  a  long,  narrow  acumen  and  nar- 
rowed in  nearly  the  same  degree  to  the  base, 
slightly  imequal-sided  and  very  slightly  undu- 
late; petiole  very  thick,  about  1  centimeter 
long;  midrib  extremely  thick,  especially  below, 
where  it  merges  into  the  petiole;  lateral  nerves 
thin,  immersed  in  the  substance  of  the  leaf, 
emerging  at  angles  of  30°  to  45®,  about  5  milli- 
meters apart,  irregular,  many  of  them  with 
intermediate  nerves  that  join  others  at  various 
distances  below  the  margin;  the  main  nerves 
all  terminate  in  a  strong,  continuous  intra- 
marginal  vein  which  is  about  1  millimeter  from 
the  margin;  finer  nervation  consisting  of  very 
thin,  irregular  veins  oblique  to  the  principal 
veins. 

These  are  splendid  leaves,  clearly  coriaceous 
or  leathery  in  texture.  There  is  considerable 
range  in  size,  the  larger  ones  being  nearly  13 
centimeters  long  and  about  2  centimeters  wide 
and  the  smaller  ones  6  or  8  centimeters  long 
and  1.5  centimeters  wide.  The  petiole,  which 
is  enlarged  at  the  point  of  attachment,  does  not 
exceed  1  centimeter  in  length. 

The  types  of  Eucalyptus?  americana  as  figured 
by  Lesquereux  in  the  '^Tertiary  flora''  (pi.  59, 
figs.  11,  12)  are  preserved  in  the  United  States 
National  Museum  (Nos.  489,  489a).  The  best 
preserved  leaf  is  a  nearly  perfect  one  12  centi- 


meters long  and  1.5  centimeters  wide.  The 
other  was  a  larger  leaf,  fully  2  centimeters 
wide,  but  lacks  the  upper  portion.  The  ner- 
vation is  that  above  described. 

In  1883  Lesquereux**  described  some  rather 
fragmentary  leaves  from  Alkali  station  under 
the  name  Apocynophyllum  scudderi.  These 
specimens  are  in  the  United  States  National 
Museum  (Nos.  1605-1609)  and  are  before  me. 
Although  they  are  somewhat  smaller  than  the 
types  of  Eucalyptus?  americanus j  they  clearly 
belong  with  them.  They  have  the  same 
coriaceous  texture,  very  thick  midrib,  thin, 
inmiersed  lateral  veins,  and  continuous  intra- 
mai^inal  vein.  They  seem  properly  to  be 
referable  to  Eucalyptus?  americanus. 

The  leaf  figured  by  Newberry  **  as  Salix 
angusta  Al.  Braim?  is  also  preserved  in  the 
United  States  National  Museum  (No.  7023) 
and  clearly  belongs  to  Eucalyptus?  americanus. 
It  comes  from  Green  River  and  is  said  by  New- 
berry to  be  exceedingly  common,  ''some  slabs 
of  the  rock  being  quite  covered  with  the 
leaves."  Newberry  does  not  mention  the 
strongly  marked  intramarginal  vein,  though  it 
is  shown  in  his  figure  and,  of  course,  in  the 
specimen.  * 

The  propriety  of  referring  these  leaves  to  the 
genus  Eucalyptus  may  perhaps  be  open  to 
question,  as  it  is  doubted  by  some  that  this 
genus  ever  reached  America.  Be  that  as  it 
may,  their  facies — ^long,  narrow,  coriaceous 
leaves  with  exceedingly  thick  midrib  and 
deeply  immersed  veins  running  into  a  strong 
intramarginal  vein — is  distinctly  that  of  Euca- 
lyptuSj  and  I  have  retained  them  as  left  by 
Lesquereux.  There  are  some  other  things  that 
are  to  be  considered  in  this  connection.  Thus 
Lesquereux  in  the  original  discussion  of  his 
Eucalyptus?  americanus  compares  them  to 
species  of  Tricera  from  Cuba.  This  is  a 
euphorbiaceous  genus  with  narrow  leaves 
having  a  nervation  similar  to  that  of  Euca- 
lyptus. 1  have  not  seen  these  leaves  and  so 
can  not  say  anything  as  to  their  probable 
affinity  with  the  Green  River  leaves  under 
consideration. 

Berry  *^  has  described  asFicus  myrtifolius 
some  narrow  leaves  from   the  Wilcox  group 

M  Lesquereux,  Leo,  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  8  (Cretaceous 
and  Tertiary  floras),  p.  172,  pi.  45,  A,  figs.  1-5, 1883. 

**  Newberry,  J.  S.,  U.  S.  Geol.  Survey  Mon.  35,  p.  54,  pi.  G5,  flg.  2, 1898. 

»  Berry,  E.  W.,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  205,  pi.  30, 
figs.  1-3, 1916. 
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that  he  says  are  nearest  to  Lesquereux's 
ApocynophyUum  scvdderi.  The  Wilcox  leaves 
are  of  about  the  same  size  and  shape  as 
Lesquereux's  species  and  have  the  thick 
midrib  and  well-marked  intramarginal  vein, 
but  the  lateral  veins  are  almost  at  right  angles 
and  are  more  numerous  than  in  the  Oreen  River 
leaves. 

Occurrence:  Green  River  formation,  Green 
River,  Wyo.,  above  the  fish  beds,  types  col- 
lected about  1870  by  F.  V.  Hayden,  others 
collected  by  C.  A.  White  and  still  later  by  L. 
F.  Ward ;  Alkali  stage  station,  about  30  miles 
north  of  *  Green  River,  type  locality  for  Apo- 
cynophyUum scudderij  collected  by  F.  V.  Hay- 
den ;  Cathedral  Bluff,  south  of  Little  Tommies 
Draw,  about  20  miles  west  of  Rio  Blanco  post 
office,  Rio  Blanco  County,  Colo.,  in  sec.  35, 
T.  4  S.,  R.  100  W.,  Colo.,  and  above  oil  shale, 
head  of  trail  up  ridge  between  Carr  and  Bushy 
creeks,  Garfield  County,  Colo.,  collected  by 
D.  E.  Winchester,  1917. 

Order  UMBSLLALBS. 

FamUy  ABICACSAE. 

Aralia  wyomingensis  Knowlton  and  CockerdL 

Plate  XXXIX,  figure  4;  Plate  XL,  figure  12. 

Aralia  wyomingentU  Knowlton  and  CockereU,  U.  S.  Geol. 

Survey  Bull.  696,  p.  88,  1919. 
Aralia  macrophylla  Newberry,  U.  S.  Nat.  Mub.  Proc.,  vol. 

6,  p.  613,  1882  [1883];  U.  S.  Geol.  Survey  Mon.  35, 

p.  121,  pi.  67,  fig.  1;  pi.  68,  fig.  1, 1898.    [Homonym, 

Lindley,  1844.] 

This  species  was  described  by  Newberry  a^ 

follows: 

Leaves  large,  long-petioled,  palmately  five-parted  from 
the  middle  upward,  divisions  conical  in  outline,  sometimes 
entire,  often  remotely,  occasionally  coarsely  toothed; 
nervation  strong  and  regular;  the  midrib  of  the  divisions 
strong  and  straight,  those  from  the  second  lateral  lobes 
springing  from  near  the  bases  of.  the  first  lateral  lobes; 
secondary  nerves  nimierous,  distinct,  curved  gently 
upward;  where  the  margins  are  entire,  partially  campto- 
drome;  where  dentate,  terminating  in  the  teeth;  tertiary 
nerves  anastomosing  to  form  quadrangular  and  very 
numerous  areoles. 

In  speaking  of  the  occurrence  of  these  leaves, 
Newberry  says: 

In  the  localities  where  thev  are  found  the  leaves  of 
A.  macrophylla  [A.  wyomingensis]  are  exceedingly  abun- 
dant, sometimes  matted  together  so  as  to  obscure  their 
outlines.  These  show  that  they  vary  in  size,  in  the  number 
of  lobes,  and  in  the  character  of  the  margins,  occasionally 
one  occurring  which  is  only  three-lobed,  while  almost  all 
are  five,  and  the  margins  are  sometimes  nearly  entire, 
while  in  other  leaves  they  are  all  strongly,  even  spinously, 


dentate.  The  leaves  vary  from  3  to  12  inches  in  length, 
and  the  lobes  are  sometimes  long  uid  nanow,  in  othem 
much  broader. 

The  two  figured  types  of  this  species,  both 
preserved  in  the  United  States  National  Mu- 
seum, are  large  leaves,  hence  the  name  macro^ 
phyUa  was  very  appropriate,  but  in  Newberry's 
discussion  of  the  species  he  states  that  they 
range  in  length  from  3  to  12  inches. 

In  the  collections  recently  made  in  western 
Colorado  there  are  a  niunber  of  leaves  that 
must  be  referred  to  Aralia  wyomingensis. 
Two  of  these  have  been  figured.  One  (PL 
XL,  fig.  12)  is  a  very  small  leaf  only  6 
centimeters  long  and  a  little  over  7  centimeters 
wide,  with  slender  petiole  2  centimeters  long. 
The  other  (PI.  XXXIX,  fig.  4)  is  somewhat 
larger,  probably  12  or  14  centimeters  long  and 
some  12  centimeters  broad. 

The  leaf  from  Bridger  Pass,  Wyo.,  described 
by  Lesquereux**  under  the  name  Aralia  t 
gracilis  J  may  belong  here,  but  it  is  so  fragmen- 
tary that  it  can  not  be  compared  fiilly  with 
Aralia  vryomingensis. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo.  (types),  collected  by  C.  A.  White; 
Cathedral  BlufP,  south  of  Little  Tommies 
Draw,  about  20  miles  west  of  Rio  Blanco  post 
office,  Rio  Blanco  County,  Colo.;  collected  by 
D.  E.  Winchester,  1917. 

Order  SBICALES. 

FamUy  EBIGACSAE. 

Andromeda  deUcatnla  Leg«|aereiiz. 

Andromeda  delicattUa  Lesquereux,  U.  S.  Geol.  Survey 
Terr.  Rept.,  vol.  8  (Cretaceous  and  T&tiary  floras), 
p.  175,  pi.  34,  figs.  10,  11,  1883. 

The  two  type  specimens  on  which  this  iSne 
species  is  based  are  preserved  in  the  United 
States  National  Museum  (Nos.  1580,  1581) 
and  have  been  very  well  described  and  figured 
by  Lesquereux.  The  species  has  not  been 
since  collected  in  the  Green  River  formation, 
but  has  been  reported  from  the  supposed 
upper  Eocene  of  British  Columbia  and  the 
Fort  Union  formation  of  the  Bull  Mountains, 
Mont. ;  the  latter  is  perhaps  doubtful. 

Occurrence:  Green  River  formation,  Uinta 
County  (formerly  wrongly  called  Randolph 
County),  Wyo.;  Eocene,  Tranquille  River, 
British  Columbia;  Fort  Union  formation, 
Bull  Mountains,  Mont. 

M  Lesquereux,  Leo,  U.  S.  Geol.  Survey  Terr.  R^t.,  vol.  7  (Tertiary 
flora),  p.  236,  pi.  39,  fig.  1, 1878. 
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Order  SXTBIALBS. 

Family  CAFBIFOLIACXAS. 

Sftmbacas?  winchesterl  Knowlton,  n.  sp. 

Plate  XL,  figures  8,  9. 

This  flower  is  very  small,  having  a  spread  of 
only  about  4  millimeters.  In  the  exact  center 
is  a  circular  mass  of  black  carbonaceous  sub- 
stance that  is  without  any  observable  structiu'e. 
The  flower  is  perfectly  regular,  with  five 
oblong  obtuse  petals,  alten;iating  with  which 
are  the  five  stamens.  At  first  sight  it  appears 
that  the  petals  are  free,  but  as  the  actual  inser- 
tion of  both  petals  and  stamens  is  obscured  by 
the  central  carbonaceous  mass,  it  is  possible 
that  the  corolla  is  slightly  gamopetalous — ^in 
fact,  if  the  identification  given  is  correct  the 
petals  must  be  slightly  united.  The  petals 
are  about  1.7  millimeters  long  and  0.8  milli- 
meter broad,  and  each  has  three  relatively 
strong  veins  which  run  from  the  base  nearly 
to  the  apex.  The  stamens  are  slightly  more 
than  half  the  length  of  the  petals  and  have 
large  anthers. 

A  great  many  flowers  have  been  studied  in 
comparison  with  this  fossil  flower,  and  all  things 
considered  it  seems  to  approach  Samhucus 
most  closely.  This  genus  has  the  calyx  tube 
ovoid  or  tmrbinate,  adnate  to  the  ovary,  with 
its  limb  three  to  five  toothed,  and  the  corolla 
rotate  or  slightly  campanulate,  regular,  and 
usually  five-lobed;  the  five  stamens  are  in- 
serted on  the  base  of  the  corolla. 

The  fossil  flower  imder  consideration  seems 
to  agree  fairly  well  with  the  above  diagnosis, 
at  least  so  far  as  can  be  made  out,  but  as  there 
are  some  points  that  can  not  be  settled  with 
C/Crtainty,  the  generic  reference  has  been  ques- 
tioned. This  flower  is  named  in  honor  of  the 
collector. 

Occurrence:  Green  River  formation,  oil 
shale,  Rio  Blanco  County,  about  40  miles 
southwest  of  Meeker,  Colo.;  collected  by  D.  E. 
Winchester. 

Order  CAHFANITLALES. 
FamUy  COMPOSITAE. 

Achaenites  cichoiioides  Knowlton,  n.  sp. 

Plate  XL,  figure  4. 

Achene  narrowly  obconical,  about  7  milli- 
meters long,  2  millimeters  in  diameter  at  the 
top,  strongly  ribbed  (apparently  four-ribbed) 
with  several  (at  least  three)  thinner  interme- 
diate striae;  pappus  simple,  apparently  sparse, 
not  barbed,  about  7  millimeters  long. 

91048**— 23 12 


This  little  achene,  the  only  one  found  in  the 
collection,  is  surprisingly  well  preserved  con- 
sidering the  delicate  nature  of  some  of  its 
parts.  The  achene  itself  was  evidently  hard 
and  resistant  and  apparently  has  suffered 
little  distortion.  It  is  strongly  ribbed  or 
ridged,  especially  in  the  lower  part,  and  from 
the  disposition  of  these  ridges  it  seems  probable 
that  they  were  four  in  niunber,  but  this  is  of 
course  somewhat  uncertain.  The  pappus  is 
certainly  simple  and  without  obvious  barbs; 
it  was  at  least  as  long  as  the  achene.  It 
appears  to  occupy  a  single  ring  around  the 
outer  edge  of  the  flat-topped  achene. 

It  is  perhaps  hazardous  to  attempt  a  close 
comparison  of  this  fossil  achene  with  those  of 
any  living  species,  though  it  may  be  pointed 
out  that  it  seems  to  fall  within  the  family 
Cichoriaceae,  whence  the  specific  name  adopted 
for  it.  It  is,  for  instance,  suggestive  of  the 
achenes  in  certain  species  of  Ndbalus,  Hiera- 
ciunif  etc.,  but  more  evidence  will  be  needed 
before  it  can  be  placed  in  any  living  genus. 
It  is  believed  to  be  the  first  composite  achene 
from  this  coxmtry  to  be  described. 

A  word  may  be  said  as  to  the  selection  of  the 
genericnamef  or  this  achene.  The  genus  Achae- 
nites  was  established  by  Braun*'  in  1851,  with 
A .  ungeri  as  the  type  species.  It  was  not  figured 
at  that  time,  but  in  the  Neues  Jahrbuch  for 
1854  Braun  described  and  figured  it.  It  is  an 
oblong,  long-beaked  achene  with  a  plumose 
pappus,  and  came  from  the  Swiss  Miocene. 

In  1859,  when  Heer  *•  came  to  the  considera- 
tion of  the  numerous  fruits  of  the  Compositae 
foimd  in  the  Miocene  of  Switzerland,  he 
established  the  genus  Cypsdites,  with  which  he 
merged  Braun's  AchdeniteSy  notwithstanding 
the  fact  that  the  latter  had  some  eight  years 
priority.  Heer  described  and  figured  no  less 
than  19  species  under  his  Cypsdites,  which  he 
stated  probably  really  belong  to  a  number  of  dif- 
ferent genera.  None  of  them  seem  to  be  very 
close  to  the  Green  River  species  under  discussion. 

The  law  of  priority  does  not  sanction  the 
substitution  of  one  genus  for  another  without 
reason,  and  therefore  Actiaenites  will  have  to  be 
restored  for  Heer's  species  of  Cypsdites. 
Moreover,  Achaenites  is  more  appropriate  than 
Cypselites  for  these  obvious  achenes. 

Occurrence:  Green  River  formation,  above 
rich  oil  shale.  Camp  Gulch,  about  25  miles 
northwest  of  De  Beque,  Colo.,  collected  by 
D.  E.  Winchester,  1917. 

•7  Braun,  Al.,  In  Stizenbcrger,  Ernst,   Ueberslcht  der  Verstelner- 
ungen  des  Orossherzogthums  Baden,  p.  83, 1851. 
M  Heer,  Oswald,  Flora  tertlaria  Helvetiae,  vol.  3,  p.  2,  1859. 
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PLANTS  07  UKCXBTAIN  POSITION. 

AnthoUthes  improbnfl  Leg«|aereiiz. 

AfUholithei  improbtu  Lesquereux,  U.  S.  CreoL  Survey  Terr. 
Rept.,  vol.  8  (Cretaceous  and  Tertiary  floru),  p.  204, 
pi.  40,  figs.  20,  21, 1883. 

Both  the  figured  types  of  this  pecuUar  oi^an- 
ism  are  preserved  in  the  United  States  National 
Museum  (No.  1666).  I  am  not  able  to  inter- 
pret them  any  more  satisfactorily  than  Les- 
quereux  did. 

Occurrence:  Green  River  formation,  Uinta 
County  (formerly  wrongly  called  Randolph 
County),  Wyo. 

Carpolithiis  caryophyUoldes  Knowlton,  n.  sp. 

Plate  XXXVII,  figure  13. 

The  collections  from  western  Colorado  made 
by  Winchester  include  the  little  specimen  here 
figured.  It  is  apparently  a  dry  capsule,  ovoid 
in  shape,  about  5  millimeters  long  and  4  milli- 
meters in  diameter  at  the  base,  and  with  a 
slender  pedicel  2  millimeters  long.  It  appears 
to  be  made  on  the  plan  of  five,  and  is  spUt 
down  about  half  its  length,  each  segment  being 
apparently  bifid  at  the  apex  and  with  a  strong 
central  rib  or  ridge. 

This  specimen  is  so  small  and  indifferently 
preserved  that  it  is  difficult  of  interpretation. 
From  the  fact  that  it  is  not  much  crushed  or 
distorted  the  inference  is  drawn  that  it  was  a 
dry  capsule  that  had  dischai^ed  its  seeds  when 
entombed.  It  may  be  split  down  for  more  than 
half  its  length,  but  it  does  not  seem  to  be. 

It  is  of  course  more  or  less  hazardous  to 
attempt  to  refer  this  capsule  to  a  living  genus 
or  even  family,  and  consequently  it  has  been 
placed  in  the  form  genus  and  convenient  catch- 
all CarpoliihuSj  until  it  can  be  more  definitely 
assigned.  However,  it  may  be  pointed  out 
that  this  specimen  undoubtedly  has  a  strong 
albeit  superficial  likeness  to  the  capsule  of 
certain  Caryophyllaceae,  as,  for  example,  the 
genus  Lychnis.  The  several  species  of  Lychnis 
have  a  globular  or  ovoid  one-celled  capsule  that 
opens  by  the  splitting  apart  of  the  ten  or  five 
segments,  which  are  often  two-cleft  at  the  apex. 
The  capsule  of  Lychnis  dioica  Liim6  is  especially 
suggested  by  this  Green  River  capsule. 

Occurrence:  Green  River  formation,  Smith 
ranch,  on  Greasewood  Creek,  about  40  miles 
southwest  of  Meeker,  Rio  Blanco  County,  Colo,, 
collected  by  D.  E.  Winchester,  1917. 

Carpites  viburni  Lesquereux. 

Carpites  vibiarni  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Bull.,  vol.  1,  p.  382,  1875  [1876];  U.  S.  Geol. 
Survey  Terr.  Kept.,  vol.  7  (Tertiary  flora),  p.  305, 
pi.  60,  figs.  26,  26a,  1878. 


The  original  description  by  Lesquereux  reads 
as  follows: 

Seeds  or  nutlets  cordate,  obtuse,  5  to  7  millimeters  long, 
3  or  4  millimetera  broad,  convex,  grooved  in  the  middle 
from  the  point  to  the  base,  surrounded  by  a  mem- 
branaceous pellicle,  the  remains  of  an  apparently  fleshy 
outer  envelope. 

They  resemble  seeds  of  a  similar  kind  which  I  have 
found  in  great  quantity  at  Crolden  [Colo.]  and  referred  to 
the  genus  Viburnum, 

A  complication  has  arisen  concerning  the 
locality  from  which  this  species  came.  At  the 
time  it  was  named  and  described  it  was  dis- 
tinctly stated  by  Lesquereux  to  have  come  from 
Alkali  stage  station,  30  miles  north  of  Green 
River,  Wyo.,  but  three  years  later,  when  it  was 
described  and  figured  in  the  *' Tertiary  flora," 
the  locality  was  given  as  Black  Buttes,  Wyo. 
The  type  specimen  is  fortimately  preserved  in 
the  United  States  National  Museum  (No.  494), 
and  it  is  there  recorded  in  Lesquereux's  hand- 
writing as  coming  from  Black  Buttes.  There 
is  reason  to  believe,  however,  that  the  original 
assignment  is  correct,  and  that  it  really  came 
from  Alkali  station  and  hence  from  the  Green 
River  formation,  and  not  from  Black  Buttes. 
The  matrix  is  a  fine-grained  yellowish  sand- 
stone, similar  in  character  to  that  of  other  spec- 
imens from  Alkali  station,  and,  moreover,  the 
temporary  label  affixed  to  the  specimen  by 
Lesquereux  is  an  oval,  blue-bordered  ''sticker" 
identical  with  those  used  on  other  specimens 
from  Alkali  station,  whereas  those  on  the  speci- 
mens from  Black  Buttes  are  of  a  different  shape 
and  bordered  with  red.  No  specimens  from 
Black  Buttes  were  described  by  Lesquereux  in 
the  report  in  which  the  specimens  from  Alkali 
station  were  described,  and,  further,  it  seems 
inherently  improbable  that  a  mixture  would 
occur  when  a  collection  from  a  given  locality 
was  first  considered.  It  is  believed  that  this 
species  actually  came  from  Alkali  station,  and 
it  will  be  so  regarded  hereafter. 

Occurrence:  Green  River  formation,  Alkali 
stage  station,  30  miles  north  of  Green  River, 
Wyo.  [incorrectly  accredited  to  Black  Buttes, 
Wyo.]. 

Carpites  newberryana  KnowUon,  n.  sp. 

Juglansoccidentalis^ewheTTyf  U.  S.  Geol.  Survey  Mon.  36, 
p.  34,  pi.  66,  figs.  4a  ^c,  1898  [not  figs.  1-4]. 

This  species  was  characterized  by  Newberry 
as  follows: 

Fruit  small,  elongated,  some  what  prismatic;  divisions  of 
the  envelope  lenticular  in  outline,  narrow,  thin. 

The  fruit,  of  which  fortunately  one  specimen  was  found 
in  immediate  contact  with  the  leaves,  is  small,  marked  with 
raised  lines,  elongate  in  form,  and  resembles  more  the  fruit  of 
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Carya  oKva^brmU  [Hieoria  peean  Britten?]  than  any  other 
of  our  living  species.  It  might  be  inferred  from  the  size 
of  the  nut  and  its  elongated  fonn  that  it  was  immature,  but 
near  it  lies  a  segment  of  the  envelope  which  has  apparently 
exfoliated  at  maturity.  As  only  one  specimen  of  the  fruit 
has  been  discovered,  it  is  possible  that  it  does  not  repre- 
sent the  average  size  and  form. 

Newberry  placed  this  form  under  Juglans,  al- 
though he  expressly  states  that  it  clearly  be- 
longs to  Hieoria,  but  justified  this  disposition 
on  the  ground  of  the  wider  limit  of  the  old 
genus  Juglans.  He  also  stated  that  the  fruit 
is  in  ''immediate  contact"  with  the  leaves,  but 
a  study  of  the  types,  which  are  preserved  in  the 
United  States  National  Museum,  shows  that 
they  are  merely  associated  with  leaves  of  Jug- 
lans occidentalis  on  the  same  piece  of  matrix  but 
are  not  in  organic  comnection  with  them  or  in 
9  position  that  suggests  such  union.  It  there- 
fore seems  necessary  to  transfer  it  to  the  genus 
to  which  it  apparently  belongs,  if  it  has  been 
correctly  interpreted,  and  to  give  it  a  newname. 

The  three  type  specimens  have  been  very 
carefuUy  studied.  The  original  of  figure  4a 
is  about  16  millimeters  long  and  7  millimeters 
broad  near  the  middle.  It  stands  on  a  short, 
stout  pedicel,  which  is  somewhat  expanded 
and  probably  cup-shaped  and  in  which  rests  the 
fruit.  It  has  a  deep  longitudinal  median  fur- 
row and  on  either  side  a  slender  ridge  that 
nearly  or  quite  disappears  before  reaching  the 
apex.  There  is  very  little  other  structure  or 
marking  between  the  ribs  or  ridges. 

On  the  same  piece  of  matrix  as  the  speci- 
men just  described,  about  1  centimeter  from 
it,  is  the  specimen  shown  in  Newberry's 
figure  4b.  It  is  about  15  millimeters  long  and 
about  4  millimeters  wide.  When  viewed  in  the 
position  in  which  it  was  drawn  for  Newberry's 
figure  it  appears  to  be  concave,  much  as  one 
of  the  segments  of  the  exocarp  of  Hieoria 
would  appear,  but  when  the  orientation  is 
reversed  it  is  found  to  be  convex. 

The  third  specimen  (Newberry's  fig.  4c)  is 
19  millimeters  long  and  about  7  millimeters 
wide.  It  appears  to  sit  in  the  excavated  apex 
of  the  pedicel  as  described  for  the  first  speci- 
men mentioned.  It  has  a  single  furrow  a 
little  to  one  side  of  the  middle,  and  there  is 
some  evidence  of  the  presence  of  a  thin  exocarp 
or  something  of  the  kind  on  one  side. 

It  seems  to  me  very  unlikely  that  these 
specimens  can  belong  to  Hieoria,  and  they 
certainly  can  not  belong  to  Juglans,  Under 
the   circumstances   it   appears   best    to   refer 


them  to  the  noncommittal  CarpUes  until  addi- 
tional material  may  help  to  place  them  more 
definitely. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo.  (described  and  figured  as  fruit 
of  Juglans  ocdientaLis  Newberry;  types,  U.  S. 
Nat.  Mus.,  Nos.  7031,  7032). 

Garpites  hupiirenda  Knowlton,  n.  sp. 

Plate  XXXVIII,  figure  4. 

The  collection  from  western  Colorado  in- 
cludes a  small  fruit  that  I  am  not  able  to  place 
biologically.  It  is  elliptical  in  outline,  about 
6  millimeters  long  and  5  millimeters  broad,  and 
has  an  inner  dark  nucleus,  also  elliptical, 
about  3  millimeters  long  and  2  millimeters 
broad.  This  inner  part  has  a  slight  projection 
at  one  end,  but  whether  this  is  the  apex  or  the 
point  of  attachment  has  not  been  determined. 
Similarly  it  is  impossible  with  present  knowl- 
edge to  determiae  whether  the  outer  portion  is 
to  be  interpreted  as  a  wing,  or  whether  the 
whole  thing  is  a  monospermous  capsule. 

This  organism  is  so  little  understood  that 
it  might  perhaps  better  be  omitted  altogether^ 
yet  it  is  a  very  definite  entity  that  someone 
may  be  able  to  interpret  correctly. 

Occurrence:  Green  River  formation,  oil  shale, 
Cathedral  BluflF,  south  of  Little  Tommies 
Draw,  Rio  Blanco  County,  Colo.,  collected  by 
D.  E.  Winchester,  1917. 

Phyllites  Winchester!  Knowlton,  n.  sii* 

Plate  XXXVIII,  figure  2. 

The  collections  from  the  oil  shales  of  western 
Colorado  include  the  present  nearly  perfect 
little  leaf.  It  seems  unfortimate  to  be  com- 
pelled to  describe  so  fine  a  specimen  under  the* 
name  PhyUUes,  but  I  am  wholly  imable  to 
suggest  a  generic  name  with  any  degree  of 
assurance.  It  is  a  linear-lanceolate  leaf  about 
3  centimeters  long  and  6  millimeters  wide. 
The  upper  part  is  narrowed  for  fully  a  third 
the  length  of  the  blade  into  a  sharp-pointed 
apex;  below  it  is  more  abruptly  narrowed  to 
the  rather  thick  petiole,  which  is  nearly  1 
centimeter  in  length.  The  margin  is  perfectly 
entire.  The  nervation  is  peculiar.  In  the 
middle  and  upper  portions  there  is  some  in- 
dication of  a  thin  midrib,  but  in  the  basal 
portion  the  midrib  can  not  be  differentiated. 
Five  or  six  nerves  of  equal  strength  arise  below 
the  base  of  the  blade  and  spread  out  to  divide 
equally  the  area  of  the  lower  third  of  the  leaf, 
with  little  indication  that  the  middle  one  is 
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the  stronger.  In  the  middle  and  upper  por- 
tions even  these  nerves  appear  to  be  im- 
mersed in  the  leaf  substance. 

Occurrence:  Green  River  formation,  Rio 
Blanco  County,  20  miles  west  of  Rio  Blanco 
post  office,  Colo.,  in  sec.  33,  T.  4  S.,  R.  100 
W.,  collected  by  D.  E,  Winchester,  1917. 

Phyllites  firemonti  linger. 

Phyllites  fremonti  linger,  Genera  et  species  plantaram 

foasilium,  p.  503,  1850. 
Knowlton,  U.  S.  Geol.  Survey  Prof.  Paper  108,  p. 

94,  1917. 
Leaf  of  a  dicotyledonous  plant  (?)  Hall,  in  Fremont, 

Report  of  the  exploring  expedition  to  the  Rocky 

Mountains  in  1842,  etc.,  Appendix  B,  p.  306,  pi. 

11,  fig.  4,  1845. 

This  species  has  had  an  interesting  history. 

It  was  collected  by  Frfimont  in  1843  on  his 

celebrated  exploring  expedition  to  the  Rocky 

Mountains  and  beyond  and  was  included  in 

a  collection   of  plants  from  the  vicinity  of 

^hat  is  now  Cumberland,  Wyo.    The  plants 

from  this  locality  were  long  supposed  to  be  of 

Jiu*assic  age  but  are  now  known  to  belong  to 

the    Colorado    group    (Frontier    formation).*^ 

The  plant  under  consideration  was  placed  by 

Hall,  who  described  the  collection,  at  the  end 

of  his  paper  with  the  following  remarks: 

Locality  in  the  neighborhood  of  the  specimens  contain- 
ing the  preceding  fossils  and  regarded  by  Capt.  Fremont 
as  belonging  to  the  same  formation.  The  rock  contain- 
ing them  is  a  soft  or  very  partially  indurated  clay,  very 
unlike  the  hard  and  brittle  mass  containing  the  other 
species. 

The  probability  that  it  did  not  come  from 
the  vicinity  of  the  Cumberland  locaUty  is 
further  strengthened  by  the  chance  statement 
"Fr.  Aug.  17,  and  No.  201  of  collection,'' 
'  which  appears  to  mean  that  it  was  collected  on 
Friday,  August  17,  whereas  the  others  are 
recorded  under  the  date  August  19.  Fremont's 
itinerary  for  the  earlier  date  indicates  that 
on  that  day  the  expedition  encamped  on 
Blacks  Fork  of  Green  River,  some  40  miles 
east  of  the  locality  reached  on  August  19. 
In  the  low  hills  bordering  the  stream  he  found 
''strata  containing  handsome  and  very  distinct 
vegetable  fossils."  This  locality  is  presumably 
in  the  Green  River  formation,  and  if  the 
above  reasoning  is  correct  it  appears  to  dispose 
of  the  reference  of  this  species  to  the  Colorado 
flora.  The  type  specimen  is  now  lost,  and 
hence  a  study  of  the  matrix  in  which  it  was 
preserved  is  impossible. 

••  Knowlton,  F.  H.,  U.  8.  G«ol.  Surrey  Prof.  Paper  108,  pp.  73-107, 
1017. 


This  species  was  n^UBDBedl  woA  described  as 
PhyltUea  frenumti  fronot  HaQ^s  fijgure.  Unger 
fell  into  the  usual  oiror  of  asGfibing  it  to 
Oregon,  as  the  expediltkMi  wait  to  ''Or^on 
and  north  Calif omi**'^'  The  above  history 
has  been  giTen  at  sojbm  l^tigtib  for  the  purpose 
of  setting  forth  the  s<Knewbat  unsatisfactory 
status  of  this  speeies  and  thus  preventing- 
futxire  nusunderstanding. 

Occurrence:  Green  River  formation ( I) ^ 
Blacks  Fork  of  Green  River,  Wyo. 

NorduiskK»dia  boradte  Heer. 

Ncirdenskioldia  hatealis  Heer,  Flora  fossilis  arctica,  rol.  2» 
Abt.  3,  p.  65,  pi.  7,  figs.  1-13,  1870. 
Newberry,  U.  S.  Geol.  Survey  Mon.  35,  p.  13T,.  pi.  68v 
figs.  4-^,  1898. 

Whatever  the  nature  of  this  organism  may 
be  there  seems  no  doubt  that  it  is  identical 
with    that    described    and   figured  by   Heer. 

Occurrence:  Green  River  formation,  Green 
River,  Wyo. 

Phyllites  coloradensis  Knowlton*  n.  sp. 

Plate  XXXVIII,  figure  S. 

Leaf  compound;  rachis  strongi  straight; 
leaflets  opposite,  lanceolate,  unequat-sided, 
sharply  acuminate  at  the  apex,  narrowed  to 
the  base  and  decurrent  in  a  narrow  wing  that 
reaches  the  leaflets  next  below;  margin  per- 
fectly entire;  nervation  obscure,  consisting  of 
a  fairly  strong  midrib  and  apparently  with  thin 
secondaries  at  an  angle  of  about  40^,  but  this 
is  uncertain. 

This  species  is  represented  by  the  single 
specimen  figured,  which  shows  tJiree  pairs  of 
opposite  leaflets.  The  lower  pairs  are  about 
3  centimeters  long  and  8  or  9  millimeters  wide; 
the  next  pairs  are  about  2  centimeters  long  and 
5  or  6  millimeters  wide,  and  the  terminal  (or 
uppermost  pair  preserved)  leaflets  are  only  5 
millimeters  wide. 

I  am  uncertain  as  to  the  generic  reference 
of  this  specimen.  The  shape  and  nervation 
of  the  leaflets  strongly  suggest  Sapindv^y  and 
it  may  be  recalled  that  in  certain  of  the  living 
species,  such  as  Sapindus  saponaria  Linn£, 
the  rachis  is  winged  between  the  leaflets,  as 
indeed  it  is  in  some  living  species  of  RhuSj  but 
in  the  present  specimen  it  is  the  basal  portion 
of  the  leaflet  that  is  prolonged  as  a  narrow 
wing  down  the  rachis. 

Occurrence :  Green  River  formation,  spring 
on  Little  Duck  Creek,  about  50  miles  south- 
west of  Meeker,  Rio  Blanco  County,  Colo,, 
collected  by  D.  E.  Winchester,   1917, 


PLATES  XXXVI-XL. 
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PLATE  XXXVI. 

FiouBES  1-3.  Myrica  praedrymeja  Knowlton.    From  Greasewood  Creek,  about  40  milee  southwest  of  Meeker,  Colo. 

U.  S.  Nat.  Mufl.  Nos.  36557,  36558,  36559.    (See  p.  157.) 

4.  Danaea  coloradensis  Knowlton.     From  Rio  Blanco  County,  Colo.,  about  40  miles  southwest  of  Meeker. 

Pinnule,  X  2.    U.  S.  Nat.  Mus.  No.  36560.    (See  p.  150.) 

5.  Danaea  fendleri  Underwood.    Living  species  from  Trinidad,  introduced  for  comparison.    Segment  of 

fruiting  pinnule,  X  6. 

6.  PojUederUes  hesperia,  Knowlton.     From  Greasewood  Creek,  about  40  miles  southwest  of  Meeker,  Colo. 

U.  S.  Nat.  Mus.  No.  36561.    (See  p.  154.) 

7.  Lygodium  iavlfussii  Heer.    From  Little  Duck  Creek,  Rio  Blanco  County,  Colo.    U.  S.  Nat.  Mus.  No. 

36582.     (See  p.  149.) 

8.  Caenomyces  eucalyptae  Knowlton,  on  leaves  of  Eucalyptvsf  americanvs  Lesquereux.    From  Little  Duck 

Creek,  about  50  miles  southwest  of  Meeker,  Colo.    X  2.    For  natural  size,  see  Plate  XXXIX,  figure  2. 
U.  S.  Nat.  Mus.  No.  36589.    (See  p.  148.) 

9.  Same  as  figure  8,  X  6.     Figure  retouched. 

10.  Caenomyces  sapindicola  Knowlton,  on  leaflet  of  Sapindus  winchesteri  Knowlton.  From  Greasewood 
Creek,  about  40  miles  southwest  of  Meeker,  Colo.  X  4.  For  natural  size,  see  Plate  XXXVlll, 
figure  1.    Figure  retouched.    U.  S.  Nat.  Mus.  No.  36590.     (See  p.  148.) 
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FLORA  OF  THE   GREEN    RIVER    FORMATION. 


PROFESSIONAL  PATEB  131     PLATB  XXXrU 
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FLORA   OF  THE  GREEN   RIVER    FORMATION. 


PLATE  XXXVII. 

R<I9RS  1.  CompUmiaf  anomala  Knowlton.    From  Greaaewood  Creek,  about  40  miles  southwest  of  Meeker,  Colo.    U.  S. 
Nat.  MuB.  No.  36563.     (See  p.  158.) 
2.  Myrica  sp.    From  Cathedral  Blufif,  20  miles  west  of  Rio  Blanco  poet  office,  Colo.    U.  S.  Nat.  Mus.  No. 

36564.  (See  p.  157.) 

3-5.  Salix  sp.    From  Rio  Blanco  County,  about  40  miles  southwest  of  Meeker,  Colo.    U.  S.  Nat.  Mus.  Nos. 

36565,  36566,  36567.    (See.  p.  156.) 

6.  Pimelea  spatulata  Knowlton.    From  Cathedral  Bluff,  about  20  miles  west  of  Rio  Blanco  post  office,  Colo. 

U.  S.  Nat.  MuB.  No.  36568.     (See  p.  163.) 

7.  Sedumf  hesperium  Knowlton.    From  Cathedral  Bluff,  about  20  miles  west  of  Rio  Blanco  post  office,  Colo. 

U.  S.  Nat.  Mus.  No.  36569.    (See  p.  163.) 

8.  Salix  linearis  Knowlton.     From  Rio  Blanco  County,  Colo.,  about  20  miles  west  of  Rio  Blanco  post  office. 

U.  S.  Nat.  Mus.  No.  36570.     (See  p.  155.) 
9-11.  Rhus  myricoides  Knowlton.    From  Greasewood  Creek,  about  40  miles  southwest  of  Meeker,  Colo.    U.  S. 
Nat.  Mus.  Nos.  36571,  36572,  36573.     (See  p.  168.) 

12.  Myrica  minuta  Knowlton.     From  Greasewood  Creek,  about  40  miles  southwest  of  Meeker,  Colo.    U.  S. 

Nat.  Mus.  No.  36574.    (See  p.  157.) 

13.  Carpolithus  caryophyllMes  Knowlton.    From  Greasewood  Creek,  40  miles  southwest  of  Meeker,  Colo.    U.  S. 

Nat.  Mus.  No.  36575.     (See  p.  174.) 
14-16.  Sopkora  coloradensis  Knowlton.    Figures  14  and  16  from  Little  Duck  Creek,  Rio  Blanco  County,  Colo., 
about  50  miles  southwest  of  Meeker;  figure  15  from  Camp  Gulch,  25  miles  northwest  of  De  Beque, 
Colo.    U,  S.  Nat.  Mus.  Nos.  36576,  36577,  36578.    (See  p.  165.) 
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PLATE  XXXVIII. 

Figure  1.  Sapindua  winchesteri  Knowlton.    From  Grease  wood  Creek,  about  40  miles  southweBt  of  Meeker,  Colo. 
U.  S.  Nat.  Mus.  No.  36579.    (See  p.  167.) 

2.  Phyllites  mnchesteri  KiK)wltoD.    From  Cathedral  Bluff,  about  20  miles  west  of  Rio  Blanco  post  office,  Cool. 

U.  8,  Nat.  Mufl.  No.  36580.    (See  p.  175.) 

3.  Phyllites  ooloradensis  Knowlton.    From  Little  Duck  Creek,  about  50  miles  southwest  of  Meeker,  Colo. 

U.  S.  Nat.  MuB.  No.  36581.    (See  p.  176.) 

4.  Carpites  inquireTida  Knowlton.    From  Cathedral  Bluff,  about  20  miles  west  of  Rio  Blanco  x>ost  office,  Colo. 

U.  S.  Nat.  Mufl.  No.  36582.    (See  p.  175.) 

5.  Juglans  tuinchesteri  Knowlton.    From  Cathedral  Bltiff,  about  20  miles  west  of  Rio  Blanco  post  office, 

Colo.    U.  S.  Nat.  MuB.  No.  36583.    (See  p.  160.) 

6.  Oreodaphne  viridiflumensis  Knowlton.   From  Rio  Blanco  County,  Colo.,  about  40  miles  southwest  of  Meeker. 

U.  S.  Nat.  Mus.  No.  36584.    (See  p.  163.) 
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FLORA   OF  THE  GREEN    RIVER    F(1RM 


PLATE  XXXE5:. 

FiQUKES  1-3.  Eucalyptusf  amerioanus  Lesquereux.    Figures  1  and  2  from  Little  Duck  Creek,    50  znilee  southwest 

of  Meeker,  Colo.;  figured  from  ridge  between  Carr  and  Bushy  creeks,  Garfield  County,  Colo.    U.  S. 
Nat.  Mus.  Nos.  36585,  36586,  36587.    (See  p.  171.) 
4.  Ardlia  tvyomingensis  Knowlton  and  Cockerell.    From  Cathedral  Bluff,  about  20  miles  west  of  Rib  Blanco 
post  office,  Colo.    U.  S.  Nat.  Mus.  No.  36588.    (See  p.  172.) 
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PLATE  XL. 

Figures  1-3.  Mimosites  coloradensis  Knowlton.    From  Little  Duck  Greek,  about  50  miles  southwest  of  Meeker,  Colo. 

U..S.  Nat.  Mus.  Noe.  36591,  36592,  36593.    (See  p.  166.)     ' 
4.  Achaenites  dchorioides  Knowlton.    From  Camp  Gulch,  about  25  miles  northwest  of  De  Beque,  Colo. 
U.  S.  Nat.  Mus.  No.  36594.    (See  p.  173.) 
5, 6.  Dalhergia  retusa  Knowlton.    From  Little  Duck  Creek,  about  50  miles  southwest  of  Meeker,  Colo.    U.  S. 
Nat.  Mus.  Nos.  36595,  36596.    (See  p.  165.) 
7.  Zizyphus  longi/olia  Newberry.    From  Grease  wood  Creek,  about  40  miles  southwest  of  Meeker,  Colo. 
U.  S.  Nat.  Mus.  No.  36597.    (See  p.  169.) 
8, 9.  Samhucusf  ^vinchesteri  Knowlton.    Figure  8,  natural  appearance,  X  6;  figure  9,  restoration  of  figure  S,  X  '9 
From  Rio  Blanco  County,  Colo.,  about  40  miles  southwest  of  Meeker.    U.  S.  Nat.  Mus.  No.  3659S. 
(Seep.  173.) 

10.  Dalhergia  viridiflumerms  Knowlton.    From  Rio  Blanco  County,  Colo.,  about  20  miles  west  of  Rio  Blanco 

poet  office.    U.  S.  Nat.  Mus.  No.  36599.    (See  p.  164.) 

11.  Sophora  coloradensis  Knowlton.    From  Little  Duck  Creek,  about  50  miles  southwest  of  Meeker,  Colo. 

U.  S.  Nat.  Mus.  No.  36600.     (See  p.  165.) 

12.  Aralia  wyomingensis  Knowlton  and  Cockerell.    From  Cathedral  Bluff,  about  20  miles  west  of  Rio  Blanco 

post  office,  Colo.    U.  S.  Nat.  Mus.  No.  36601.    (See  p.  172.) 

13.  Myricn  sp.    From  head  of  Carr  Creek,  about  30  miles  northwest  of  De  Beque,  Colo.    U.  S.  Nat.  Mus. 

No.  36602.    (See  p.  158.) 
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HE  OneEN    RIVER    FOR 


FOSSIL  PLANTS  FROM  THE  TERTIARY  LAKE  BEDS  OF  SOLTTH-CENTRAL 

COLORADO. 


By  F.  H.  Knowlton. 


The  first  of  the  Tertiary  lake  beds  of  Colorado 
to  be  brought  to  scientific  attention  were  those 
at  Florissant,  discovered  in  1873  by  Dr.  A.  C. 
Peale,  of  the  Hayden  Geological  Survey. 
Lake  Florissant  was  a  small  lake,  approxi- 
mately 5  miles  in  length  and  not  much  if  any 
exceeding  a  mile  in  width,  occupying  a  moun- 
tain valley  with  its  laterals  eroded  in  granite  by 
stream  action.  The  present  altitude  of  the 
lake  beds  is  a  little  more  than  5,000  feet  above 
sea  level.  The  composition  of  these  beds  is 
described  by  Henderson  *  as  follows : 

The  beds  are  compoeed  chiefly  of  volcanic  ashes,  mud, 
and  sand,  the  component  particles  of  which  are  generally 
somewhat  though  not  very  much  worn  by  the  action  of 
water.  The  conclusion  reached  in  both  field  and  labora- 
tory is  that  the  deposits  were  formed  largely  by  volcanic 
ashes  from  repeated  eruptions  falling  upon  the  surface  of 
the  water  and  settling  to  the  bottom,  assorted  by  the  slug- 
gish lake  currents;  also  by  mud  and  ashes  falling  or  flow- 
ing into  pxDsition  where  they  were  rapidly  washed  into  the 
lake  by  rains,  streams,  and  waves  ^sdthout  much  grinding. 

The  Florissant  lake  beds  have  proved  to  be 
highly  fossiliferous,  perhaps  more  abundantly 
so  than  any  other  deposits  in  the  world.  They 
are  especially  rich  in  remains  of  plants  and 
insects.  During  the  period  of  nearly  50  years 
since  their  discovery  these  fossil  riches  have 
been  abundantly  exploited,  and  they  are  now 
known  to  include  more  than  1,000  species  of 
insects  and  nearly  250  species  of  plants. 

The  Florissant  lake  beds  were  long  supposed 
to  be  unique,  but  the  more  and  more  intensive 
geologic  work  prosecuted  in  the  Rocky  Moun- 
tain region,  especially  within  the  last  20  years, 
has  disclosed  a  number  of  other  lake-bed 
deposits  in  the  San  Juan  Mountain  region  of 
south-central  Colorado.  The  object  of  the 
present  paper  is  to  bring  to  scientific  attention 

^HflDdenoa,  Junius,  Colorado  Univ.  Studies,  vol.  3,  pp.  145-151. 1906b  I 


the  location,  present  known  extent,  and  flora 
of  these  scattered  lake  beds.  The  description 
of  the  flora  is  purely  preliminary  and  will 
undoubtedly  be  greatly  increased  with  more 
thorough  exploration. 

The  plants  described  in  the  following  pages 
were  all  collected  from  rocks  deposited  during 
the  volcanic  period  of  the  San  Juan  Mountain 
region,  though  from  several  different  forma- 
tions. The  lake  beds  aggregate  some  thou- 
sands of  feet  in  thickness,  and  there  is  evidence 
to  show  that  several  of  the  formational  units 
were  separated  by  periods  of  extensive  erosion, 
during  which  canyons  were  cut  to  the  depth  of 
several  thousand  feet.  The  position  in  the 
geologic  column  can  be  understood  from  the 
accompanying  generalized  section,  which  has 
been  supplied  by  E.  S.  Larsen,  of  the  United 
States  Geological  Survey. 

Mr.  Larsen  makes  the  following  statement: 

The  periods  of  erosion  separating  these  formationfi  were 
all  of  sufficient  length  to  develop  canyons  several  thousand 
feet  deep  and  a  youthful  topography  comparable  to  that 
of  the  present  San  Juan  Mountains.  This  no  doubt  repre- 
sents a  very  great  number  of  years  but  only  a  small  fraction 
of  the  time  required  to  develop  a  mature  topography. 

The  most  abundant  and  best-preserved  plant  remains 
were  collected  from  the  Creede  formation.  This  formation 
is  made  up  chiefly  of  thin-bedded  rhyolite  tuff  in  its  lower 
part,  but  it  carries  much  gravel,  and  some  lava  flows  in  ita 
upper  part.  Some  travertine  is  present.  The  formation 
was  deposited  in  a  deep,  steep-walled  basin  that  was  cut 
in  rocks  of  the  Potosi  volcanic  series  and  that  coincides 
approximately  with  the  present  valley  of  the  Rio  Grande 
from  Wagon  Wheel  Gap  westward  to  the  mouth  of  Trout 
Creek,  a  distance  of  about  25  miles,  but  was  considerably 
narrower.  The  maiumum  thickness  is  over  2,000  feet. 
The  best  plant  remains  were  collected  from  the  thinly  lami- 
nated tu^s  in  the  lower  part  of  the  formation.  The  cliffs 
exposed  above  Sevenmile  Bridge  are  about  100  feet  high 
and  are  almost  continuous  on  the  northwest  bank  of  the 
river  for  over  a  mile. 
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The  localitieB  and  the  species  found  at  each  are  listed 
below. 

CrosB.  No.  La  G.  2  [5951].  Crude  formation,  La  Garita 
quadrangle,  Colo.  lUdge  nbrth  of  stream  which  passes  Hot 
Spring  Hotel  at  altitude  of  9,000  feet: 

Minute  fragments  of  bark,  coniferous  leaves,  etc., 
but  nothing  determinable. 
Cross..  No.  La  G.  24  [5952].    Creede  formation,  south 
bank  of  Rio  Grande  150  yards  above  wagon  bridge,  3}  miles 
below  Creede,  Colo. : 

Feather  of  bird. 

Planera  myricaefolia  (Lesquereux)  Cockerell. 

Fragments. 
Cross.    No.  La  G.  93  [5953].    Creede  formation,  west  side 
of  Rio  Grande  one-fourth  mile  north  of  Sevenmile  Bridge, 
below  Creede,  Colo.,  near  botmdary  of  San  Cristobal  quad- 
rangle.: 

Pinus  crossii  Knowlton,  n.  sp. 

Abies  rigida  Knowlton,  n.  sp. 

Myrica  myricaefolia  (Lesquereux)  Cockerell. 

Feather  of  bird. 
Cross.    No.  S.  C.  1566  [5954].    Huerto  formation,  in  a 
lens  100  yards  long,  N.  374°  E.  of  houses  at  north  end  of 
Lake  Santa  Maria,  San  Cristobal  quadrangle,  Colo.,  alti- 
tude 10,350  feet: 

Pinus  similis  Knowlton,  n.  sp. 

Ribes  protomelaenum  Cockerell. 

Planera  myricaefolia  (Lesquereux)  Cockerell? 

Phyllites  potentilloides  Knowlton,  n.  sp. 
Cross.     1911.    No.  La  G.  536  [6198].    Creede  formation, 
west  side  of  Rio  Grande  near  Sevenmile  Bridge,  near 
Creede,  Colo.,  altitude  8,800-9,000  feet: 

Pinus  crossii  Knowlton,  n.  sp. 

Abies  rigida  Knowlton,  n.  sp. 

Planera  myricaefolia  (Lesquereux)  Cockerell. 

Odostemon  marginata  (Lesquereux)  Knowlton,  n. 
comb. 

Vids  florifisantella  Cockerell. 

Populus  lesquereuxi  Cockerell. 

Insect  (beetle?). 

Feathers. 
Cross.    1914.     No.  516  [6889].    Conejos  (?)  formation, 
Saguache  quadrangle,  Colo.,  gulch  west  of   Henderson 
Mountain,  about  li  miles  north  of  Saguache  River: 

Coniferous  wood,  not  further  studied. 
Cross.  1914.  No.  437  [6858].  Saguache  quadrangle, 
Colo.,  rhyolite  tuff  in  railroad  cut  below  (west  c  *^  MarBhall 
Pass,  where  railroad  crosses  gulch  at  Shavano  siding;  geo- 
logic position  imcertain  but  probably  considerably  below 
Conejos  formation: 

Pinus  crossii  Knowlton,  n.  sp.? 

Fragments  not  determinable. 
Larsen.    1916.    [7242].    Creede  formation,  north  bank 
of  Rio  Grande  near  Sevenmile  Bridge,  above  Creede,  Colo. : 

Pinus  crossii  Knowlton,  n.  sp. 

Pinus  similis  Knowlton,  n.  sp. 

Pinus  coloradensis  Knowlton,  n.  sp. 

Pinus  florissanti?  Lesquereux. 

Abies  rigida  Knowlton,  n.  sp, 

Sabina  linguaefolia  (Lesquereux)  Cockerell. 

Alnus?  larseni  Knowlton,  n.  sp. 

Popidus  lesquereuxi  Cockerell. 


Planera  myricaefolia  (Lesquereux)  Cockerell. 

Ribes  protomelaenum  Cockerell. 

Rubus?  inquirendus  Knowlton,  n.  sp. 

Vitis  florissantella  Cockerell. 

Odostemon  marginata  (Lesquereux)  Knowlton,  ii» 

comb. 
Odostemon  hakeaefolia  (Lesquereux)  Knowlton,  n. 

comb. 
Sterculia  aceroides  Knowlton,  n.  sp. 
Phyllites,  two  sp. 

From  tlie  foregoing  lists  it  appears  that  5 
of  the  8  collections  and  no  less  than  18  of 
the  19  forms  enumerated  come  from  the  Creede 
formation.  From  beds  beUeved  to  belong  to 
the  Huerto  formation  the  single  collection 
yielded  three  named  species,  all  of  which 
occur  also  in  the  Creede  formation. 

A  complete  list  of  forms  described  in  this 
paper  is  as  follows: 

Pinus  crossii  Knowlton,  n.  sp. 

Pinus  similis  Knowlton,  n.  sp. 

Pinus  florissanti?  Lesquereux. 

Pinus  coloradensis  Knowlton,  n.  sp. 

Abies  rigida  Knowlton,  n.  sp. 

Abies  longirostris  Knowlton,  n.  sp. 

Sabina  linguaefolia  (Lesquereux)  Cockerell. 

Populus  lesquereuxi  Cockerell. 

Alnus?  larseni  Knowlton,  n.  sp. 

Planera  myricaefolia  (Lesquereux)  Cockerell. 

Ribes  protomelaenum  Cockerell. 

Rubus?  inquirendus  Knowlton  n.  sp. 

Vitis  florissantella  Cockerell. 

Odostemon  marginata  (Lesquereux)  Knowlton,  n. 

comb. 
Odostemon  hakeaefolia  (Lesquereux)  Knowlton,  n. 

comb. 
Sterculia  aceroides  Knowlton,  n.  sp. 
Phyllites  potentilloides  Knowlton,  n.  sp. 
Phyllites,  two  sp. 

On  eUminating  the  forms  not  named  there 
remain  8  species  described  as  new  and  S 
previously  known  species.  As  all  these  pre- 
viously known  species  are  found  in  the  lake 
beds  at  Florissant,  Colo.,  it  seems  reasonable 
to  conclude  that  the  age  of  the  lake  beds  of 
the  Creede  formation  is  the  same  as  that  of 
the  Florissant  beds,  namely,  upper  Miocene* 
From  the  Huerto  formation  were  obtained 
throe  named  species  {Pinus  simUiSf  Planera 
myricaefolia,  and  Ribes  protomela^enum)  and 
an  imamed  Phyllites.  All  three  of  the  named 
species  are  found  in  the  Creede  formation, 
and  two  of  them  are  well-known  Florissant 
species.  The  only  other  collection — that  from 
Marshall  Pass — contains  a  single  doubtfully 
identified  form  (Pinus  crossii  f)  and  detached 
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leaves  of  Pinus  and  probably  Abies.  This 
collection  is  supposed  to  be  much  older  than 
the  others,  but  its  position  is  somewhat  un- 
certain. 

So  far  as  present  known  facts  go  it  appears 
that  the  same  flora  ranges  through  the  entire 
thickness  of  these  lake  deposits.  Although 
the  f  ormational  units  involved  are  hundreds  of 
feet  thick,  and  although  many  of  these  imits 
are  separated  by  unconformities  representing 
periods  of  erosion  during  which  thousands  of 
feet  of  beds  were  cut  out,  the  deposition  of  the 
whole  series  occupied  relatively  so  short  a 
time  that  the  changes  in  conditions  do  not 
appear  to  be  reflected  in  the  flora.  Of  course 
■subsequent  studies  and  collections  may  modify 
this  conclusion,  but  it  is  all  that  can  be  said  at 
present. 

The  flora  of  these  lake  beds  as  described 
in  this  paper  is  so  small  that  it  is  perhaps 
hardly  worth  while  to  attempt  any  extensive 
<liscussion  of  the  aflSnity,  probable  origin,  and 
<;limatic  requirements  of  the  species  included, 
yet  they  show  a  number  of  biologic  features 
of  considerable  interest.  The  most  abundant 
element  in  the  flora  consists  of  the  Coniferae, 
which  comprise  over  a  third  of  the  species 
and  nearly  half  of  the  individual  specimens. 
Although  nine  forms  of  conifers  have  been 
reported  from  the  Florissant  lake  beds,  all 
but  one  or  two  are  very  rare  as  individuals. 
It  is  probable  that  the  increased  elevation  of 
the  Creede  deposits  may  accoimt  for  the  abun- 
dance of  conifers,  though  more  extended  ex- 
ploration will  doubtless  reduce  this  apparent 
preponderance.  The  most  interesting  of  these 
conifers  are  the  species  of  AbieSy  of  which  the 
specimens  collected  represent  leafy  branches 
and  cone  scales.  It  is  possible  that  the 
branches  and  scales  may  belong  to  a  single 
species,  but  as  they  are  wholly  unconnected 
it  has  been  necessary  to  give  them  separate 
names.  The  cone  scales  indicate  the  group 
of  Abies  in  which  the  bracts  adhere  firmly  to 
the  scale  and  are  prolonged  above  into  a  long, 
slender  tip,  which  may  be  as  much  as  4  centi- 
meters in  length.  This  group  seems  to  be 
most  closely  related  to  Abies  venusta  Koch, 
the  so-called  silver  fir  of  California.  This  is 
the  first  time,  at  least  in  this  country,  that 
cone  scales  of  this  type  have  been  observed. 
The  pines  represent  both  the  soft  or  white 


pines  and  the  hard  pines,  the  former  known 
by  their  cluster  of  leaves  in  fives  or  fours. 

The  next  in  abimdance  and  interest  are  the 
two  species  of  Odostemon,  the  genus  to  which 
the  well-known  Oregon  grape  belongs.  Both 
species — if  they  are  really  distinct — occur  also- 
in  the  Florissant  beds,  and  it  is  believed  that 
they  are  correctly  placed  generically,  as  they 
agree  in  all  essential  particulars  with  the  living 
species.  Four  living  species  of  Odostemon  are 
now  found  in  the  Rocky  Mountain  area,  and  it 
would  seem  that  they  are  the  direct  descendants 
of  the  Miocene  forms. 

None  of  the  other  genera  (PopidtLS,  Alnus, 
Ribes,  Vitis)  offer  features  of  particular  bio- 
logic interest.  The  species  referred  with  some 
question  to  Rubus  is  a  small  spray  of  flowers  and 
immature  fruit  that  if  not  actually  a  member  of 
this  genus  is  certamly  very  strongly  suggestive 
of  it. 

The  climatic  requirements  of  this  little  flora 
would  seem  to  be  temperate,  perhaps  cool 
temperate,  but  it  is  still  too  small  to  warrant 
a  very  positive  conclusion. 

Pinus  crossii  Knowlton,  n.  sp. 

Plate  XLI,  figures  3,  8-10. 

Leaves  in  clusters  of  five,  stout,  rigid,  sUghtly 
incurved,  sharp  pointed,  2.5  to  about  4  centi- 
meters long;  sheaths  of  the  leaf  clusters  decidu- 
ous. 

This  species  is  represented  by  a  number  of 
specimens,  several  of  the  best  of  which  are  fig- 
ured. It  is  assumed  that  the  normal  number  of 
leaves  is  five  in  each  cluster,  but  there  are  a  few 
examples  in  which  only  three  can  be  made  out. 
Thus,  in  the  fragment  of  a  branch  shown  in  fig- 
ure 3,  there  are  two  clusters,  each  with  three 
leaves  that  otherwise  agree  with  the  five- 
leaved  clusters.  Although  it  is  not  impossible 
for  the  leaves  to  vary  in  number  from  three  to 
five  in  the  same  species,  it  seems  improbable  in 
the  present  case,  and,  as  stated  above,  the  nor- 
mal number  is  presumed  to  be  five. 

This  species  seems  clearly  to  belong  to  the 
group  of  soft  or  white  pines,  not  only  as  shown 
by  the  leaves  being  in  clusters  of  five  but  more 
particularly  by  the  complete  absence  of  the 
sheath  to  the  leaf  bases.  It  seems  to  be  most 
closely  related  to  Pinus  albicauLis  Engelmann, 
a  species  of  alpine  slopes  and  exposed  ridges 
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throughout  the  Rocky  Mountain  region,  at  alti- 
tudes ranging  from  5,000  to  12,000  feet. 

Two  species  based  on  leaves  have  been  de- 
scribed from  the  lake  beds  at  Florissant — Pinits 
hawbachi  Kirchner,'  supposed  to  have  the 
'  leaves  in  clusters  of  three,  and  Pinna  whederi 
Cockerell,'  with  the  leaves  in  fives.  In  the 
original  description  of  P.  whederi  the  leaves  are 
said  to  be  12  centimeters  or  more  in  length,  but 
in  descriptions  of  later  specimens  the  length  has 
been  given  as  somewhat  less.  Nothing  is  said 
as  to  the  sheath  in  this  species,  so  this  feature 
can  not  be  compared  with  P.  crossii. 

Occurrence:  Creede  formation,  north  bank 
of  Rio  Grande  near  Sevenmile  Bridge,  Creede, 
Colo. ;  rhyolite  tuflF  of  unknown  age  but  proba- 
bly considerably  older  than  Conejos  formation, 
below  (west  of)  Marshall  Pass,  Saguache  quad- 
rangle, Colo. 

Pinus  similis  Knowlton,  n.  sp. 

Plate  XLI,  figures  11,  12. 

Leaves  in  clusters  of  four,  stout,  straight, 
4.5  to  5.5  centimeters  long;  sheath  of  the  leaf 
clusters  absent. 

It  is  with  considerable  hesitation  that  this 
form  is  described  as  a  new  species,  as  it  may  be 
only  a  sUghtly  larger  form  of  Pinus  crossii. 
The  base  of  the  leaves  is  indistinguishable  in 
appearance  in  the  two  forms,  and  the  presence 
of  only  four  leaves  in  the  cluster  of  P.  similis 
may  be  due  to  accident,  though  there  is  no 
evidence  of  it  in  the  best  preserved  example. 
A  single  detached  leaf  on  the  same  piece  of 
matrix  is  the  largest  one  observed  (5.5  centi- 
meters) . 

Individual  leaves  of  this  form  are  indis- 
tinguishable from  leaves  of  Pinus  hambachi 
Kirchner,*  from  the  Florissant  lake  beds, 
but  that  species  is  said  to  have  the  leaves  in 
clusters  of  three,  and  the  resemblance  may  be 
only  superficial. 

Occurrence:  Creede  formation,  north  bank 
of  Rio  Grande,  near  Sevenmile  Bridge,  Creede, 
Colo.;  Huerto  formation,  north  end  of  Lake 
Santa  Maria,  San  Cristobal  quadrangle,  Colo. 

«  Kirchner,  W.  C.  G.,  St.  Louis  Acad.  Sci.  Trans.,  vol.  9,  p.  179,  pi.  13, 
flg.  3,  1898. 

» Cockerell,  T.  D.  A.,  Am.  Mus.  Nat.  Hist.  Bull.,  vol.  24,  p.  78,  pi.  6, 
figs.  5,  11,  1908. 

*  Klrcbner,  W.  C.  O.,  St.  Louis  Acad.  Sd.  Traos.,  vol.  9,  p.  174,  pi.  13, 
fig.  3,  1808L 


Pfniis  florissanti?  Lesqnerenx. 

Plate  XLI,  figure  7. 

Pinus  florissanti  Leequereux,  U.  S.  Geol.  Survey  Ten  - 
Rept.,  vol.  8  (Cretaceous  and  Tertiary  floras)^ 
p.  138,  pi.  21,  fig.  13,  1883. 

The  collection  contains  a  single  large  frag- 
mentary cone  that  seems  to  be  the  same  as 
Pinus  florissanti  Lesquereux. 

Occurrence;  Creede  formation,  north  bank 
of  Rio  Grande,  near  Sevenmile  Bridge,  Creede^ 
Colo. 

Pinus  coloradensis  Knowlton,  n.  sp. 

Plate  XLI,  figure  6. 

Cone  with  a  very  short,  thick  stalk,  ovoid^ 
very  obtuse  at  apex,  3  centimeters  long, 
2.3  centimeters  in  diameter;  scales  much 
thickened  at  the  end;  apparently  with  a  short- 
spine. 

The  example  figured  is  the  only  one  of  this> 
type  observed  in  the  collections.  It  is  fairly 
perfect  except  for  a  few  scales  at  the  base. 
By  making  an  impression  in  clay  the  original 
appearance  is  restored,  as  shown  in  figure  6. 
At  first  it  was  presumed  that  this  specimen 
was  prol)ably  the  cone  of  Pinus  crossiiy  with 
which  it  was  associated,  but  whereas  the  ab- 
sence of  persistent  sheaths  to  the  leaf  clusters^ 
proves  that  form  to  belong  to  the  soft  pines, 
the  thickened  tips  of  the  scales  in  the  present- 
form  show  it  clearly  to  belong  to  the  hard 
pines.  This  form  is,  for  instance,  not  greatly 
unlike  the  cone  of  Pinus  arizonica  Engelmann, 
but  this  resemblance  is  doubtfully  to  be 
interpreted  as  a  real  relationship. 

The  only  fossil  species  of  the  region  and 
age  with  which  this  may  be  compared  is^ 
Pinus  florissanti  Lesquereux,*^  from  the  Floris- 
sant lake  beds,  but  this  is  a  cone  10  centi- 
meters or  more  in  length  and  6  centimeters  in 
diameter,  and,  moreover,  the  thickened  tips 
of  the  cone  scales  appear  to  be  different. 

Occurrence:  Creede  formation,  north  bank 

of  Rio  Grande,  near  Sevenmile  Bridge,  Creede, 

Colo. 

Abies  ri^da  Knowlton,  n.  sp. 

Plate  XLI,  figures  1,  2,  4,  5. 

The  collection  from  Creede  contains  a 
number  of  leafy  branches  that  appear  to  belong 
to  the  genus  Abies,  but  whether  they  represent 

»  Lesquereux,  Leo,  U.  S.  Ged.  Surrey  Terr.  Rept.,  vol.  8  (Cretaoeooff 
and  Tertiary  floras),  pL  21,  flg.  13, 1883. 
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more  than  one  species  is  difficult  to  decide. 
The  one  shown  in  figure  5  is  a  segment  from 
a  branch  and  is  about  6  centimeters  long, 
6  millimeters  in  diameter  at  the  base,  and  5 
millimeters  at  the  ajtex.  It  shows  the  scars 
of  leaves  disposed  in  oblique  rows.  On  one 
side  the  leaves  are  attached,  these  being 
apparently  rather  rigid,  slightly  arched  up- 
ward, and  obtusely  pointed  at  the  tips;  they 
are  about  12  millimeters  long.  The  branch 
shown  in  figure  2  is  the  tip  of  a  branch  about 
4  millimeters  in  diameter  and  has  the  leaves 
preserved  on  all  sides.  The  leaves  are  much 
the  same  as  in  figure  5.  Leaf  scars  are  present 
at  several  points  on  the  branch.  Figure  4 
is  also  the  tip  of  a  branch  that  retains  most 
of  the  leaves.  The  leaves  seem  narrower 
and  less  rigid  than  in  the  other  specimens  men- 
tioned; they  are  2  centimeters  or  more  in 
length.  The  specimen  given  in  figure  1  is 
a  shoot  segment  from  which  most  of  the  leaves 
have  fallen  and  is  figured  mainly  because  it 
shows  the  leaf  scars  so  plainly.  The  leaves 
appear  to  agree  most  closely  with  those  of 
figure  2. 

It  is  possible  that  the  specimens  shown  in 
figures  1  and  2  are  specifically  distinct  from 
those  of  figures  4  and  5,  but  as  only  one  type 
of  Abies  cone  has  been  found  it  seems  best 
to  keep  them  together  for  the  present.  It 
is  of  course  not  at  all  certain  that  the  cone 
scales  belong  to  either  of  the  branches,  though 
it  is  perhaps  a  fair  inference  that  they  do. 

Occurrence:  Creede  formation,  north  bank 
of  Rio  Grande,  near  Sevenmile  Bridge,  Creede, 
Colo. 

Abies  longirostris  Knowlton,  n.  sp. 

Plate  XLII,  figures  1, 2. 

Cone  scales  thin,  flat,  much  broader  than  long 
(16  to  18  millimeters  wide,  8  to  10  millimeters 
long  exclusive  of  the  basal  attached  point); 
bracts  of  cone  scales  oblong,  firmly  attached  to 
the  scales  and  deciduous  with  them,  prolonged 
above  into  a  slender,  rigid  tip  2  to  4  centi- 
meters long. 

The  collection  contains  a  number  of  de- 
tached cone  scales  that  appear  certainly  to 
belong  to  Abies.  They  are  excellently  pre- 
served, the  two  selected  for  figuring  being 
practically  perfect.  They  show  both  sides  of 
the  scale.    The  one  in  figure  1  shows  the  back 


of  the  scale  with  the  narrowly  oblong  bract 
firmly  adhering  to  it  and  prolonged  above  into 
a  rigid  tip  or  spine  fully  4  centimeters  long. 
The  other  (fig.  2)  exhibits  the  upper  side  of  the 
cone  scale  with  the  bract  prolonged  above  it 

for  more  than  4  centimeters. 

« 

This  species  appears  to  be  most  closely  re- 
lated to  Abies  venusta  Koch,  the  so-called  silver 
fir  of  the  Santa  Lucia  Mountains  in  Monterey 
County,  Calif.;  at  least  it  agrees  with  that 
species  in  some  important  particulars,  such  as 
the  firm  consolidation  of  the  bract  with  the 
cone  scale  and  its  prolongation  into  the  long, 
slender  tip. 

Occurrence :  Creede  formation,  north  bank  of 
Rio  Grande  near  Sevenmile  Bridge,  Creede, 
Colo. 

Sabina  Ungnaefolia  (Lesquerenx)  Cockerell. 

Sabina    Ungtuiefolia    (Lesquereux)    Cockerell,    Colorado 
Univ.  Studies,  vol.  3,  p.  175,  1906;  Am.  Mua.  Nat. 
Hist.  Bull.,  vol.  24,  p.  79,  1908. 
Knowlton,  U.  S.  Nat.  Mufl.  Proc.,  vol.  51,  p.  249, 1916. 

WMdringtonia  linguae/olia  Lesquereux,  U.  S.  Geol.  Sur- 
vey Terr.  Kept.,  vol.  8  (Cretaceous  and  Tertiary 
floras),  p.  139,  pi.  21,  figs.  14,  14a,  1883. 

This  characteristic  species  is  represented  by 
a  single  branch  with  two  or  three  short  branch- 
lets. 

Occmrence:    Creede  formation,  north  bank 

of  Rio  Grande  near  Sevenmile  Bridge,  Creede, 

Colo. 

Populus  lescpiereuxi  Cockerell. 

Plate  XLIV. 

Populus  lesquereuxi  Cockerell,  Torrey  Bot.  Club  Bull., 
vol.  33,  p.  307,  1906. 

Populus  heerii  Saporta.  Lesquereux,  U.  S.  Geol.  Survey 
Terr.  Rept.,  vol.  8  (Cretaceous  and  Tertiary  floras), 
p.  157,  pi.  30,  figs.  1-8;  pi.  31,  fig.  11,  1883. 

The  basal  portion  with  its  petiole  complete 
of  a  very  large  leaf  is  all  that  was  found  of  this 
species.  The  petiole  is  nearly  3  millimeters 
thick  and  7.5  centimeters  long.  The  width  of 
the  blade  is  slightly  more  than  6  centimeters. 

This  leaf  is  similar  in  size  to  the  largest  one 
figured  by  Lesquereux  (op.  cit.,  pi.  30,  fig.  5), 
which  lacks  the  basal  portion  and  the  petiole, 
which  the  present  leaf  supplies.  Lesquereux 's 
leaf  must  have  been  nearly  or  quite  24  centi- 
meters in  length. 

Occurrence:  Creede  formation,  west  bank  of 
Rio  Grande  near  Sevenmile  Bridge,  Creede, 
Colo. 
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Alnns?  larseni  Knowlton,  n.  sp. 

Plate  XLII,  figure  3. 

Leaf  small,  evidently  firm  in  texture,  ellip- 
tical, about  equally  narrowed  to  both  base  and 
apex;  margin  sharply  serrate;  petiole  long, 
slender;  nervation  faintly  preserved,  consist- 
ing of  a  relatively  strong  midrib  and  seven  or 
eight  pairs  of  thin  secondaries  at  an  angle  of 
about  40°;   finer  nervation  not  retained. 

Only  a  single  specimen  of  this  form  with  its 
counterpart  was  found  in  the  collection.  It  is 
regularly  elliptical,  6  centimeters  long  and  2.8 
centimeters  wide,  with  the  petiole  preserved 
for  a  length  of  1.5  centimeters. 

I  am  a  little  in  doubt  as  to  the  generic  ref- 
erence of  this  leaf.  In  living  species  of  AlniLS 
the  margin  is  often  doubly  serrate,  sometimes 
crenate-dentate,  and  only  rarely — as,  for  in- 
stance, in  AlniLS  maritima  Nuttall — simply 
serrate.  The  present  leaf  is  similar  to  Alniis 
corraUina  Lesquereux,"  from  the  Miocene  of 
California,  but  it  has  fewer,  more  irregular 
secondaries.  The  finer  nervation  can  not  be 
compared. 

The  species  is  named  in  honor  of  Esper  S. 
Larsen,  of  the  United  States  Geological  Survey, 
who  collected  it. 

Occurrence :  Creede  formation,  north  bank  of 
Rio  Grande  near  Sevenmile  Bridge,  Creede, 
Colo. 

Planera  myricaefolia  (Lesquereux)  Cockerell. 

Plate  XLIII,  figures  16,  17. 

Planera  myricaefolia  (Lesquereux)  Cockerell,  Am.  Mus. 
Nat.  Hist.  Bull.,  vol.  24,  p.  88,  1908. 
Knowlton,  U.  S.  Nat.  Mus.  Proc.,  vol.  51,  p.  266,  pi. 
21,  fig.  2,  1916. 

Planera  longifolia  myricaefolia  Lesquereux,  U.  S.  Geol. 
Survey  Terr.  Rept.,  vol.  8  (Cretaceous  and  Ter- 
tiary floras),  p.  161,  pi.  19,  figs.  14-27,  1883. 

The  collection  from  Creede  contains  about  a 
dozen  leaves  that  are  undoubtedly  identical 
with  this  species.  They  are  smaller  than  the 
average  leaves  figured  by  Lesquereux,  though 
not  smaller  than  the  smallest  one. 

Occurrence:  Creede  formation,  north  bank 
of  Rio  Grande  near  Sevenmile  Bridge,  Creede, 
Colo.  Huerto  formation,  north  end  of  Lake 
Santa  Maria,  San  Cristobal  quadrangle,  Colo. 

•  Lesquereux,  Leo,  U.  S.  OeoL  Survey  Terr.  Rept.,  vol.  8  (Cretaceous 
and  Tertiary  floras),  pi.  51,  figs.  1-3, 1883. 


Rubus?  inquirendus  Knowlton,  n.  8p. 

Plate  XLIII,  figure  11. 

Inflorescence  racemose,  main  axis  zigzag, 
about  14  millimeters  long,  flowers  scattered, 
pediceled,  the  pedicels  slender,  2  or  3  milli- 
meters long;  calyx  inferior,  five-parted;  fruit 
( ?)  obscure. 

It  is  with  some  hesitation  that  this  little  in- 
florescence is  referred  to  Ruhus.  It  is  very 
small  and  delicate,  and  the  preservation  is 
not  all  that  could  be  desired.  Neither  the 
main  axis  nor  the  pedicels  are  provided  with 
prickles  or  glands;  nor  is  each  pedicel  sub- 
tended by  a  bract,  as  in  many  living  species; 
but,  on  the  other  hand,  there  are  a  number 
of  recent  species  without  all  or  some  of  these 
features.  The  calyx  is  very  obscure.  It  ap- 
pears certainly  to  be  inferior  and  five-parted, 
though  only  three  lobes  are  preserved  in  any 
one  flower.  The  central  part  of  the  *' flower" 
is  so  poorly  preserved  that  its  exact  nature 
can  not  be  made  out  with  certainty.  It  may 
consist  of  a  definite  number  or  possibly  a  mass 
of  carpels. 

It  is  possibly  unwise  to  attempt  even  a  ten- 
tative placing  of  this  fragment,  but  fossil 
flowers  and  fruits  are  so  rare  that  even  poorly 
preserved  specimens  may  have  some  value. 
This  form  is  perhaps  definite  enough  to  permit 
its  recognition  if  again  found. 

Occurrence :  Creede  formation,  north  bank  of 
Rio  Grande  near  Sevenmile  Bridge,  Creede, 
Colo. 

Ribes  protomelaenum  Cockerell. 

Plate  XLII,  figures  5-9. 

Ribes  'protomelaenum  Cockerell,   Am.   Mua.   Nat.   Hist. 
Bull.,  vol.  24,  p.  93,  pi.  7,  fig.  15,  1908. 

This  species  was  founded  on  a  single  example 
from  the  Florissant  lake  beds  and  is  described 
as  being  about  4.6  centimeters  long  and  fully 
6  centimeters  broad.  It  is  described  as  having 
the  base  deeply  cordate,  "the  sides  of  the 
basal  portion  rounded,  without  lobes.''  The 
figure  shows  that  the  basal  portion  is  entirely 
absent  on  one  side,  and  the  other  appears 
rather  indefinite. 

The  collection  from  Creede  contains  about 
a  dozen  leaves  referred  to  this  species,  of 
various  sizes  and  very  perfectly  preserved. 
They   are   all   distinctly  five-lobed,    and   the 
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basal  lobcB  aana  CTuHtr  than  die  upper  lobes 
and  in  some  spedmens  neaily  oitire.  The 
laigest  leaf  <%.  S)  is  5.3  oentimeters  long  to 
the  top  of  the  petiole  and  5«7  oeDtimeters 
broad.  It  li.as  the  petiolle  proserved  for  a 
length  of  1  ccntoTjeitar.  .Tlse  next  in  size  (fig. 
9)  is  absolutely  pecCeci  and  is  3  centimeters 
long  and  4  centizneters  luoad  between  the 
upper  lobes.  Thb  petioile  complete  is  1.8 
centameteis  icHsg.  Still  smaller  leaves  are 
shown  in  figures  5-7.  ¥^;iiire  7  represents 
an  almost  perfect  leaf  1.7  centimeters  long 
and  2.3  eentimefters  wide,  with  the  petiole  1.2 
eentimeteis  itsng. 

Bibes  prutomeUteTuum  resembles  closely  a 
number  of  liviz^  species.  Cockerell  compared 
it  to  Bihes  niffnim  Lum6  end  R,  hudsonianum 
Bichards,  but  evan  mope  clearly  it  seems  to 
me  to  resetmbLe  R.-  rvbrum  Linn6  and  R. 
prostraium  L^H&ritier. 

Occurrence:  Greede  foimation;  north  bank 
of  Rio  Grande  near  Sevenxnile  Bridge,  Creedc; 
Colo.;  Huerto  formation,  north  end  of  Lake 
Santa  Maxia,  San  Giistobal  quadrangle,  Colo. 

Yttis  florianntella  CockerdL 
Tftite^XLJX,  'Ggtm  4. 


Vitu  floriatarUdia  Codaeiell,  Am.  Hub.  Nat.  Hist.  BuU., 
vol-  24,  p.  102,  pL  7,  fig-  la,  1908. 

A  single  leaf,  with  its  eoonterpart  clearly 
belongs  to  this  species.  It  is  even  smaller 
than  the  type,  being  only  abput  22  nulli- 
meters  long  and  23  millhneters  b^oad.  It 
lacks  the  basal  portion  but  otherwise  agrees 
with  the  type. 

Occurrence:  Creede  formation,  west  bank 
of  Rio  Grande  near  Sevenmile  Bridge,  Creede, 
Colo. 


:)  Knowlton, 


Odostemon  mar^iiuitaC?) 

n.  conb. 


Plate  XLIII,  figaiea  7-10. 

Hedera  marginata  I^esquereux,  U.  S.  CreoL  Survey  Teir. 
Rept.,  vol.  8  (Cretaceoufl  and  Tertiary  floraa),  p. 
177,  pi.  40,  fig.  8,  1883. 

Leaves  pinnate  (?),  at  least  trifoliolatey 
petiole  short,  stout;  leaflets  coriaceous  in 
texture,  closely  sessile  at  the  top  of  the  petiole, 
nearly  circular  or  broadly  ovate,  very  obtusely 
wedge-shaped,  truncate  or  even  slightly  heart- 
shaped  at  base,  the  margin  with  ilsually  three 


strong  teeth  or  lobes  on  each  side,  the  lobes 
sharp-pointed  and  apparently  spine-tipped; 
nervation  palmate  from  the  base,  the  middle 
rib  slightly  stronger,  other  nervation  much 
joined  or  sometimes  running  to  the  lateral 
lobes. 

The  specimens  from  Creede  that  are  here 
figured  have  been  the  basis  of  a  good  deal  of 
study  and  not  a  little  speculation.  It  was 
early  recognized  that  they  were  certainly 
identical  with  the  Hedera  marginata  of  Les- 
quereux,  but  the  question  of  their  relationship 
was  much  in  doubt.  It  seemed  improbable 
that  they  were  correctly  referred  to  Hedera; 
in  fact,  Lesquereux  expressed  the  opinion 
when  the  species  was  first  described  that  he 
knew  ''nothing  to  which  this  leaf  may  be 
related, "  and  others  have  expressed  the  same 
uncertainty.  It  was  not  until  the  specimen 
with  the  leaflets  attached  was  discovered  that 
the  affinity  of  this  form  was  suspected.  This 
specimen  (fig.  7)  has  one  leaflet  complete  and 
the  bases  of  the  other  two,  together  with  the 
perfect  petiole.  The  best  leaflet  is  10  milli- 
meters long  and  7  or  8  millimeters  broad.  The 
spread  of  the  whole  leaf  should  be  about  22 
millimeters;  the  length  of  the  petiole  is  8  milli- 
meters. The  best  preserved  leaflet  has  three 
teeth  on  the  lower  side  and  two  on  the  upper 
side.  The  terminal  leaflet  has  only  the  ob- 
tusely wedge-shaped  basal  portion  preserved. 

Another  well-preserved  leaflet  is  the  one 
shown  in  figure  9.  It  is  slightly  larger  than  the 
one  just  described,  being  about  18  millimeters 
long  and  17  millimeters  wide.  It  has  large 
spine-tipped  teeth  and  in  size,  teeth,  and  ner- 
vation closely  resembles  the  type  of  Hedera 
marginata.  Still  larger,  but  so  fragmentary 
that  it  can  not  be  accurately  measured,  is  the 
one  seen  in  figure  10.  This  has  the  nervation 
well  preserved  and  also  the  spine  on  one  of  the 
teeth.  The  largest  specimen — figure  8 — is 
nearly  perfect.  It  is  oblique  and  slightly 
heart-shaped  at  the  base  and. has  the  usual 
strong  teeth  and  the  characteristic  nervation. 
Its  length  is  about  28  millimeters  and  its  width 
about  30  millimeters. 

The  genus  Odostemon  Rafinesque  {Mahonia 
of  Nut  tall;  Berberis  section  Mahonia  of  au- 
thors) comprises  about  20  species  in  central 
Asia,  China,  North  America,  and  adjacent 
Mexico.     They  are  unarmed  shrubs  with  pin- 
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nately   compound   spinose-toothed    evergreen 
leaves. 

Occurrence:  Creede  formation,  north  bank 
of  Rio  Grande,  near  Sevenmile  Bridge,  Creede> 
Colo. 

Odosteinoii  luikeaefolim  (Lesqaerenx)  Knowlton, 

n.  CMb. 

Plate  XLIII,  figures  1-6. 

Lomatia  hakme/olia  Leequereux,  U.  S.  Geol.  Survey  Terr. 

Rept.,  vol.  8  (Cretaceous  and  Tertiary  floras),  p.  106, 

pi.  32,  fig.  19,  1883. 
LomatiU$  haekae/olia  (Lesquereux)  Cockerell,  Am.  Mus. 

Nat.  Hist.  Bull.,  vol.  24,  p.  89,  1908. 
Kaowlton,  U.  S.  Nat.  Mus.  Proc.,  vol.  51,  p.  267,  pi. 

26,  figs.  1,  2,  1916. 
Cardutu  florinantertsU  Gockerell,  Torrey  Bot.  Club  Bull., 

vol.  33,  p.  311,  text  fig.  6,  1906. 
WdoMtetnon  flarissantensia  Cockerell,  Am.  Mus.  Nat.  Hist. 

Bull.,  vol.  24,  p.  91,  1908. 

The  leaves  of  Odostemon  are  pinnate,  and  it 
is  assumed  that  the  leaves  of  the  present  fossil 
species  were  similarly  arranged,  but  as  none 
have  thus  far  been  found  attached  it  is  impos- 
sible to  be  certain.  The  leaflets,  if  this  has 
been  correctly  interpreted,  were  closely  sessile, 
with  an  obtusely  wedge-shaped  or  nearly  trun- 
cate base  and  slender,  sharp-pointed  apex. 
They  are  lanceolate  in  general  outline,  with 
usually  three  teeth  on  each  side;  these  teeth  are 
separated  by  rounded  si|iuses  and  are  spinous 
tipped,  as  is  the  apical  lobe.  The  nervation 
consists  of  a  relatively  strong  midrib  and  a 
rather  loose  network  of  veins  that  supply  the 
several  lobes.  The  leaflets  are  evidently  thick 
and  coriaceous  in  texture  and  have  the  margin 
all  around  thickened  as  if  bound  with  a  cord, 
precisely  as  in  the  living  species.  The  length 
varies  between  2  and  4  centimeters  and  the 
width  between  1  and  2  centimeters.  Some  of 
the  specimens,  perhaps  the  majority,  are  broad- 
est at  the  base,  and  others  are  broadest  be- 
tween the  points  of  the  upper  lobes. 

If  my  assumption  is  correct,  as  it  is  now  be- 
lieved to  be,  this  species  was  first  described 
under  the  name  Lomatia  haJceaefolia  Lesque- 
reux '  from  material  collected  in  the  Florissant 
lake  beds.  It  was  based  on  a  single  specimen 
about  5  centimeters  long  and  2.6  centimeters 
wide.  It  has  four  teeth  or  lobes  on  each  side 
and  no  trace  of  nervation  except  a  strong 
midrib. 

7  Lesquereux,  Leo,  U.  8.  Geol.  Suncy  Terr.  Kept.,  vol.  8  (Cretaceous 
and  Tertiary  floras),  p.  166,  pi.  32,  fig.  19, 1883. 


Lesquereux  states  tlwJ^Jbk^  L&matia  hakeae' 
folia  he  regard^.ll^<«losely  related  to  his  Lomatia 
spimm,  which  was  described  *  at  the  same 
time.  L.  apiru^sa  was  also  based  on  a  single 
specimen  about  8  centimeters  long  and  2.5 
centimeters  wide  and  differs  from  L»  haJceae- 
folia in  being  deeply  cut  into  very  lai^e,  sharp- 
pointed  lobes.  Tlie  apical  portion  especially  is 
drawn  out  into  a  long,  slender  point.  There  is 
no  nervation  preserved  except  a  short  basal 
portion  of  the  midrib. 

These  two  species  are  certainly  congeneric 
and  probably  conspecific.  Additional  exam- 
ples of  Lesquereux's  Lomatia  hdkeaefolia  have 
been  procured  at  Florissant  by  Cockerell, 
SJotowltpn,  and  others.  The  leaves  figured  in 
my  recent  paper*  pa  the  Fl<Has8ant  plants  are 
undoubtedly  identical  with  L.  hakeaefolia; 
and  X..  spinoaa  of  Ijesquereux  is  only  an  elon- 
gated, narrow,  stronger-tQothed  form..  It  is 
comparable,  for  instance,  to  the  specimen 
shown  in  figure  1  except  as  regards  size,  the 
latter  being  only  about  half  as  long. 

The  leaf  described,  by  Cockerell'®  sa  Cardtius 
Jlariasantensis  undoubtedly  belongs  here,  be- 
ing indistinguishable  from  figure  1.  The 
thickened  maiigin  and  peculiar  arched  veins 
more  or  less  parallel  to  the  midrib  he  describes 
are  characters  of  Odostem^on. 

Cockerell"  also  described  as  Odostemon  flor^ 
isaaTUensis  s,  leaflet  from  Florissant  that  prob- 
ably belongs  with  Odostemon  hakeasfolia.  It 
was  not  figured  but  is  said  to  be  similar  to 
Odostemon  simplex  (Newberry)  Cockerell  {Ber- 
beris  simplex  Newberry),  from  the  upper 
Eocene  of  Bridge  Creek,  Oreg.,  except  that  the 
'inferior  basal  angle  is  produced  into  a  tooth, 
so  that  the  tnmcate  base  of  the  leaf  is  greatly 
broadened."  It  is  about  4.2  centimeters  long 
and  4.8  centimeters  wide  and  has  three  teeth 
on  (id^h.  side,  "not  counting  the  base.''  This 
seems  to  fit  the  description  of  Odostemon 
hakeaefolia,  and  therefore  Cockerell  ^s  form  has 
been  referred  to  that  species. 

Occurrence:  Creede  formation,  north  bank 
of  Rio  Grande  near  Sevenmile  Bridge,  Creede, 
Colo. 

»  Lesquereux,  Leo,  op.  cit.,  p.  156,  pi.  43,  flg.  1. 

•  Knowlton,  F.  H.,  U.  S.  Nat.  Mus.  Proc.,  vol.  51,  p.  267,  pi.  25,  figs. 
1,2,1916. 

w  Cockerell,  T.  D.  A.,  Torrey  Bot.  Club  Bull.,  vol.  33,  p.  311,*  text 
flg.|G,  1906. 

11  Cockerell,  T.  D.  A.,  Am.  Mus.  Nat.  Hist.  Bull.,  vol.  24.  p.  91,  1908. 


FOSSIL  PLAN^XS  OF  SqjUXH-CEN^^UUi  GOLOBABa 


J  'J 


(191 


Stercnlia  aeeroldes  Know(toi)i,  n.  sp, 

Plate  XLIII^  figute  12L 

Le&f  small,  s^micoriaceous  in  texture;  round- 
ed and  truncate  at  the  base,  three-lobed,  the 
central  lobe  apparently  much  the  longest  and 
strongest  (broken),  lateral  lobes  short,  acute, 
at  an  angle  of  about  45°;  nervation  obscure, 
except  for  the  very  strong  midrib  and  the 
much  lighter  lateral  ribs,  which  arise  near  the 
base  of  the  blade. 

This  little  leaf,  the  only  one  seen  in  the 
collection,  has  the  basal  portion  well  preserved, 
but  the  evidently  large  central  lobe  is  broken. 
The  distance  between  the  tips  of  the  lateral 
lobes  is  about  3.5  centimeters. 

Two  species  of  Stercvlia  have  been  described 
from  material  found  in  the  Florissant  lake 
beds — Stercvlia  rigida  Lesquereux"  and  S. 
engUri  Kirchner.^'  These  species  are  of  the 
same  type,  about  the  only  difference  being  in 
size;  they  should  probably  be  combined. 

The  present  form  differs  from  the  Florissant 
forms  in  being  roimded  and  full  instead  of 
wedge-shaped  at  the  base  and  in  having  rela- 
tively shorter  lateral  lobes.  The  central  lobe, 
to  judge  from  the  very  strong  midrib,  was 
probably  very  long  and  slender.  The  nerva- 
tion, except  for  the  three  ribs,  is  practically 
obsolete. 

Occurrence:  Creede  formation,  north  bank 
of  Rio  Grande,  near  Sevenmile  Bridge,  Creede, 
Colo. 

PhylUtes  sp. 

Plate  XLIII,  figure  15. 

Leaf  minute,  delicate  in  texture,  obovate, 
rounded  at  the  apex,  long  ridge-shaped  at  the 
base;  apparently  short  petioled;  margin  entire; 
nervation  very  delicate,  consisting  of  a  straight 
midrib  and  about  three  pairs  of  thin  secondaries 
that  pass  up  for  a  considerable  distance;  finer 
nervation  obsolete. 

This  little  leaf  or  leaflet,  the  only  one  ob- 
served in  the  collection,  is  about  7  milli- 
meters long  and  5  millimeters  broad.  It  was 
apparently  sessile,  or  nearly  8o. 

I  have  hesitated  to  assign  this  leaf  to  a  defi- 
nite genus,  as  it  is  so  nondescript  that  it  is 

"  Lesquereux,  Leo,  U.  S.  Oeol.  Survey  Terr.  Rept.,  vol.  8  (Cretaceous 
and  Trtiary  floras),  p.  179,  pi.  34,  fig.  12, 1883. 

u  Kirchner,  W.  C.  Q.,  St.  Louis  Acad.  Sd.  Trans.,  yd.  8,  p.  180,  pi.  14, 
fig.  3, 1806. 


hard  V  to ,  place .  with  aoy  degree  of  reasonable- 
ness. It  resemb)l^s  a  number  of  described 
fonus,  such  as  Cela^trus  murchisani  Heer,^^ 
from  the  Swiss  Miocene,  though  it  is  much 
smaller.  It  is  also  similar  to  certain  leaflets 
that  have  been  called  Leguminosites,  but 
qonjectures  as  to  its  affinity  would  hardly 
serve  any  useful  end. 

Occurrence:  Creede  formation,  north  bank 
of  Rio  Grande  near  Sevenmile  Bridge,  Creede 
Colo. 

PhylUtes  sp. 

Plate  XLIII,  figure  13. 

In  the  collections  from  Creede  I  find  the 
little  leaf  here  figiured,  which  with  its  counter- 
part is  the  only  one  noted.  It  is  small,  about 
18  millimeters  long  and  9  millimeters  broad, 
ovate,  somewhat  decurrent  at  the  base,  and 
moderately  pointed  at  the  apex.  The  margin 
has  about  four  relatively  laige,  sharp-pointed 
teeth  on  each  side.  The  nervation  is  very  light, 
consisting  of  a  straight  midrib  and  four  pairs 
of  thin,  opposite  secondaries,  which  end  in 
the  teeth. 

It  is  so  difficult,  not  to  say  impossible,  to 
place  this  little  leaf  in  the  correct  genus  that 
it  has  been  referred  without  specific  name  to 
the  nondescript  genus  PhyUites. 

Occurrence:  Creede  formation,  north  bank 
of  Rio  Grande  near  Sevenmile  Bridge,  Creede, 
Colo. 

PhylUtes  potentilloides  Knowlton,  n.  sp. 

Plate  XLIII,  figure  14. 

The  material  from  Lake  Santa  Maria  includes 
the  single  example  figured,  which  appears  to 
be  a  small  compound  leaf  with  at  least  seven 
leaflets.  The  terminal  leaflet  is  deeply  cut 
into  three  lanceolate  segments,  the  margins 
of  which  are  provided  with  rather  remote, 
sharp  teeth.  The  lower  leaflets  are  sessUe  or 
nearly  so,  lanceolate-acuminate,  with  sharply 
toothed  margins.  The  nervation  consists  of 
a  very  strong  midrib  and  a  few  secondaries 
that  seem  to  ent^r  the  teeth.  The  whole  leaf 
is  about  5  centimeters  long,  and  the  lower 
leaflets  are  1.5  to  2  centimeters  long  and  0.5 
centimeter  wide. 

i«  Heer,  Oswald,  Flora  tertlaria  Helvetiae,  vol.  3,  pi.  121,  fig.  6, 1850L 
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This  s^ecinien  is  so  well  preserved  that  seem- 
ingly it  should  not  be  difficult  to  place  generi- 
cally,  but  nevertheless  its  generic  reference  is 
uncertain.  It  resembles  a  number  of  things, 
particularly  certain  pinnate-leaved  species  of 
PotentiEa,  such  as  P.  hippiana  Lehmann,  but 
there  are  features  that  do  not  agree,  and  rather 


than  make  a  wrong  generic  reference  I  think 
best  to  place  it,  at  least  temporarily,  in  PhyUiies. 
It  had  been  given  a  specific  name  that  suggests 
its  resemblance  to  PoterUiOa. 

Occurrence:  Huerto  formation,  north  end 
of  Lake  Santa  Maria,  San  Cristobal  quadrangle, 
Colo. 


PLATES  XLI— XLIV 
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PLATE  XU. 

Figures  1,  2,  4,  5.  Abies  rigida  Knowlton,  from  Creede  formation,  near  Creede,  Colo.    U.  8.  Nat  Mus.  catalog 

Noo.  36606,  36507,  36508,  36509 186 

6.  FVius  cohradensis  Knowlton,  from  Creede  formation,  near  Creede,  Colo.    U.  S.  Nat  Mus. 

catalog  No.  36606 186 

7.  Pintu  florisBonlif  Lesquereux,  from  Creede  formation,  near  Creede,  Colo.    U.  S.  Nat  Mub. 

catalog  No.  36610 186 

3,  8-10.  Pintu  croMii  Knowlton,  from  Creede  formation,  near  Creede,  Colo.    U.  S.  Nat.  Mus.  catalog 

Nob.  36611,  36612,  36513,  36514 185 

11,  12.  Pinus  similis  Knowlton,  from  Creede  formation,  near  Creede,  Colo.    U.  S.-Nat  Mus.  catalog 

No«.  36616,  36516 186 

194 


PROFESaiOMAL    P 


SIL  PLANTS  FROM   THE  TERTIARY    I 


f  SOUTH-CENTRAL  COI/)RADO. 


1.  OROLOOICAL  BURVET 


PROFESSIONAL  PAPER  131     PLATE  XLD 


FOSSIL  PLANTS  PROM  THE  TERTIARY    LAKE  BED3  OP  SOUTH-CENTRAL  COLORADa 


PLATE  XLH. 

Pace. 
Figures  1,  2.  Abies  longirostris  Knowlton,  from  Creede  formation,  near  Creede,  Colo.    U.  S.  Nat.  Mus.  catalog 

Nob.  36517,  36518 187 

3.  Alntuf  larseni  Knowlton,  from  Creede  formation,  near  Creede,  Colo.    U.  S.  Nat.  Mus.  catalog  No. 

36519 188 

4.  VUia  florissanUlla  Cockerell,  from  Creede  formation,  near  Creede,  Colo.    U.  S.  Nat.  Mus.  catalog 

No.  36520 189 

5-9.  Ribes  protomelaenum  Cockerell,  from  Creede  formation,  near  Creede,  Colo.    U.  S.  Nat.  Mus. 

catalog  No8.  36521,  36522,  36523,  36524,  36525 18S 
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PLATE  XTjIII. 

Figures  1-6.  Odostemon  haheaefolia  (Lesquereux)  Knowlton,  from  Creede  formation,  near  Creede,  Colo.    U.  S. 

Nat.  Mus.  catalog  Nos.  36526,  36527,  36628,  36529,  36530,  36531 190 

7-10.  Odostemon  marginata  (Lesquereux)  Knowl ton,  from  Creede  fonnation,  near  Creede,  Colo.    U.  S. 

Nat.  Mu8.  catalog  Nob.  36532,  36533,  36534,  36636 189 

11.  Ruhtisf  inquirendus  Knowl  ton,  from  Creede  formation,  near  Creede,  Colo.    U.  S.  Nat.  Mus.  catalog 

No.  36536 - 188 

12.  Sterculia  (tceroides  Knowlton,  from  Creede  formation,  near  Creede,  Colo.    U.  S.  Nat.  Mus.  catalog 

No.  36537 :....       191 

13.  Pkyllites  sp.,  from  Creede  formation,  near  Creede,  Colo.    U.  S.  Nat,  Mus.  catalog  No.  36538 191 

14.  Phyllites  potentilloides  Knowlton,  from  Huerto  formation,  north  end  of  Lake  Santa  Maria,  San 

Cristobal  quadrangle,  Colo.     U.  S.  Nat.  Mus.  catalog  No.  36539 191 

15.  Phyllites  sp.,  from  Creede  formation,  near  Creede,  Colo.  •  U.  S.  Nat.  Mus.  catalog  No.  36540 191 

16,17.  Planera  myricaefolia  (Lesquereux)  Cockerell,  from  Creede  formation,  near  Creede,  Colo.    U.  S. 

Nat.  Mus.  catalog  Nos.  36541,  36542 188 
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FOSSIL  PLANT  FHOM   THE  TEHTURY    LAKE  BEDS  OF  SOUTH-CENTRAL  COLORADO. 


PLATE  XUV. 

Pagw. 
PoptUus  Usquereuxi  Cockerell,  from  Creede  formation,  near  Creede,  Colo.    U.  S.  Nat.  Mub.  catalog  No.  36543 187 
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THE  FAUNA  OF  THE  SO-CALLED  DAKOTA  FORMATION  OF  NORTHERN 

.   CENTRAL  COLORADO  AND  ITS  EQUIVALENT  IN 

SOUTHEASTERN  WYOMING. 


By  John  B.  Reeside,  Jr. 


INTRODUCTION. 

Tim  paper  describes  a  small  fauna  from 
beds  in  northern  central  Colorado  that  have 
long  been  designated  the  Dakota  formation, 
often  with  doubt  that  all  the  beds  so  named 
were  really  equivalent  to  the  typical  Dakota 
sandstone  of  eastern  Nebraska.  The  upper 
part  of  the  equivalent  beds  in  southeastern 
Wyoming  was  referred  by  some  writers  to  the 
Benton  shale  and  the  lower  part  to  the  Cloverly 
formation.  This  so-called  Dakota  formation  of 
northern  central  Colorado  and  its  equivalent 
in  southeastern  Wyoming  consist  of  cherty 
conglomerate,  brown  quartzose  sandstone,  and 
dark  shale.  The  conglomerate  is  usually  at 
the  base  of  the  series  and  at  many  localities  is 
overlain  by  a  single  shale  unit  and  that  in 
turn  by  a  sandstone.  At  other  localities, 
however,  there  are  several  alternations  of 
sandstone  and  shale  above  the  basal  conglom- 
eratic layer.  The  fossils  described  in  this 
paper,  except  one  specimen,  were  obtained 
from  the  shales  of  the  middle  part  of  the  for- 
mation. The  single  specimen,  an  ammonite, 
came  from  the  uppermost  sandstone. 

Fossils  from  the  ''Dakota  formation ''  of 
northern  Colorado  were  first  recorded  by  Prof. 
Junius  Henderson,*  of  the  University  of 
Colorado.  Henderson  states  that  fossils  were 
found  by  T.  W.  Stanton  and  himself  at  almost 
every  good  exposure  of  the  ''medial  shales'' 
from  a  locaUty  5  miles  north  of  Boulder, 
Colo.,  to  Owl  Canyon,  in  northern  Larimer 
County,  though  they  were  not  determinative. 
He  suggests  that  the  presence  of  Comanche 
fossils  at  Canon  City  and  the  persistence  of  a 
tripartite  division  in  the  "Dakota  formation" 
indicate  "that  at  least  part  of  the  medial 

I  HflQderaoQ,  Junius,  The  foothills  fonnAtioos  of  north-central  Colorado: 
Colonido  Oeol.  Survey  First  Ann.  Kept.,  pp.  172-176,  1906;  The  Creta- 
ceous fonnfttions  of  northeastern  Colorado  and  the  foothills  forxnatiODS 
of  nortlHMitral  Colorado:  Colorado  Oeol.  Survey  Bull.  19,  pp.  83-85, 
1920. 


shales  and  lower  sandstone  member  in  the 
Boulder  district  and  northward  may  be  the 
time  equivalent  of  the  Comanche."  The 
fossils  of  the  northern  area  are  mostly  in  poor 
conditipn  and  are  said  to  include  one  or  more 
species  of  Ostrea,  an  Inoceramua  indistinguish- 
able from  /.  Iabiatu8  Schlotheim,  and  an 
Avicvla  closely  related  to  A.  lingv/ieformia 
Evans  and  Shimiard,  though  probably  not 
identical. 

Mr.  Stanton  made  six  collections  from  as 
many  localities  in  1906  and  others  in  1909  and 
1920.  In  1907  Prof.  Henderson  made  a  collec- 
tion of  which  a  part  was  presented  by  him  to 
the  Geological  Survey.  In  1921  larger  collec- 
tions were  made  at  six  localities  by  W.  T.  Lee. 
These  later  collections  have  supplied  more  ade- 
quate specimens  of  most  of  the  species  than 
were  contained  in  the  earlier  collections  and 
have  shown  more  definitely  the  relationships 
of  the  fossils.  All  the  material  in  these  collec- 
tions has,  through  Mr.  Stanton's  kindness,  been 
in  the  writer's  hands,  as  well  as  specimens  for 
comparison  from  the  Washita  f t^una  of  south- 
ern Colorado,  New  Mexico,  Kansas,  and  Texas 
contained  in  the  collections  of  the  Geological 
Survey. 

THE  FAUNA  AND  ITS  RELATIONS. 

The  fauna  of  the  "middle  Dakota  shale''  of 
northern.  Colorado  and  southern  Wyoming  in- 
cludes seven  species,  of  which  one  is  not  defin- 
itely determinable,  three  are  assigned  to  new 
species,  and  three  are  assigned  to  species  pre- 
viously described.  The  list  of  species  is  as 
follows; 

InoceramuB  comancheanus  Cragin. 
Inoceramus  bellvuensu  Reeside,  n.  sp. 
Fteria  aaUnensifl  White. 
Qstrea  larimereiuis  Keeside,  n.  sp. 
Ostrea  noctuensifl  Reeside,  n.  sp. 
Anchura  kiowana  Cragin? 
Ammonite,  undetermined. 
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To  this  list  may  be  added  the  scales  and  bones 
of  undetermined  fish  and  also  teeth  collected 
near  Loveland,  Colo.,  by  Prof.  Henderson  and 
identified  by  J.  W.  Gidley  as  probably  plesio- 
saurian.'  Inoceramus  comancheanns.  Plena 
aalinenaia,  and  Anchura  Tciovxina  occur  in  rocks 
of  Washita  age  in  Kansas  and  other  States,  and 
their  occurrence  in  the  beds  here  considered 
therefore  supports  a  correlation  of  the  ^'middle 
Dakota"  with  the  Washita  group,  although 
such  a  correlation,  based  on  a  single  species 
each  of  Inoceramus  and  Pteria  and  a  somewhat 
doubtfully  identified  species  of  Anchura j  has  a 
rather  frail  foundation.  The  other  species  are 
not  very  close  to  any  described  forms  from  the 
Washita  group  or  the  Benton  shale  and  have 
little  value  in  correlation.  The  absence  of  such 
widespread  and  abundant  species  as  Ostrea 
quadriplicata  Shumard,  Gryphaea  corrugata 
Say,  Trigonia  emoryi  Conrad,  Pholadomya 
sanctisahae  Roemer,  Cardium  kansasense  Meek, 
Protocardia  multUineata  Shumard,  TurriteUa 
seriatim-ffranulata  Roemer,  and  Pachydiscus 
hrazoensis  (Shumard),  which  occur  in  many 
collections  from  the  Purgatoire  formation  and 
its  equivalents,'  is  surprising.  There  is  no  fea- 
ture of  the  sediments  that  indicates  conditions 
of  deposition  in  northern  Colorado  very  differ- 
ent from  those  in  southern  Colorado — ^in  fact, 
on  the  contrary,  the  sediments  of  the  two  areas 
are  so  much  alike  that  tentative  correlations 
between  them  have  been  based  on  the  simi- 
larity. It  is  difficxilt  to  explain  why  conditions 
that  would  permit  the  existence  of  Inoceramus 
comancheanusj  Pteria  sdlinensisy  and  an  Anr 
chura  very  like  A.  kiowana  would  completely 
shut  out  any  trace  of  their  usual  associates, 
which  are  present  in  southern  Colorado,  scarcely 
200  miles  away.  Whether  these  three  species 
were  hardier  and  could  endure  conditions  that 
completely  precluded  the  existence  of  the  other 
species  can  not  be  determined.  The  Washita 
fauna,  as  shown  by  Stanton,*  suffers  a  progres- 
sive change  northwestward  from  the  Tucumcari 
region  of  New  Mexico  and  the  Cimarron  River 
region  of  Oklahoma  by  the  disappearance  of 

*  HendersGzi,  Jiiniua,  The  Cretaceous  fonnations  of  northeastern  Col- 
orado and  the  foothills  formations  of  north-central  Colorado:  Colorado 
Oeol.  Survey  Bull.  19,  p.  85, 1920. 

*  Stanton,  T.  W.,  The  Morrison  formation  and  its  relations  with  the 
Comanche  series  and  the  Dakota  formation:  Jour.  OeoloKy,  vol*  13* 
pp.  657-660, 1905. 

<  SUnton,  T.  W.,  idem. 


one  species  after  another  from  the  f aunal  assem* 
blage.  In  the  Purgatoire  River  region  of  Colo- 
rado the  fauna  lacks  a  number  of  Washita 
species  that  are  prominent  at  the  localities 
farther  southeast.  In  the  Apishapa  River 
region  still  more  species  have  dropped  out  of  the 
fauna,  and  at  Canon  City  only  two  or  three  are 
known.  Such  a  change  as  this  may  well  ac- 
count for  the  paucity  of  recognized  Washita 
species  in  northern  central  Colorado  and  south- 
eastern Wyoming,  though  the  causes  of  the 
change  are  entirely  conjectural.  It  has  been 
suggested  by  Stanton'  that  the  difference  be- 
tween the  fauna  of  the  Purgatoire  formation 
and  that  of  the  so-called  Dakota  formation  of 
northeastern  Colorado  is  due  to  a  difference  in 
age,  the  sea  in  which  the  Purgatoire  formation 
was  deposited  not  having  reached  northern  Col- 
orado imtil  Dakota  time,  when  many  of  the, 
characteristic  Washita  species  had  ceased  to 
exist.  The  relationship  of  the  beds  of  Washita 
age  in  Kansas  to  the  overlying  Dakota  for- 
mation is  so  intimate  as  to  preclude  any  great 
difference  in  age,  and  the  difference  in  inter- 
pretation of  the  fauna  is  therefore  not  very 
great.  However,  it  seems  to  the  writer  that  it 
is  better  to  regard  the  fossils  of  the  so-called 
Dakota  formation  as  of  the  same  age  as  those 
of  the  Purgatoire  formation  and  attribute  the 
differences  between  them  to  some  now  imknown 
difference  in  the  conditions  under  which  the 
sediments  were  deposited.  The  fauna  from 
northern  Colorado,  in  spite  of  its  paucity,  is 
more  like  that  of  the  Washita  group  than  that 
of  the  succeeding  Benton  shale  or  that  of  any 
known  Dakota  beds,  and  a  correlation  based 
on  the  fauna  must  be  a  correlation  with  the 
Washita  rather  than  with  the  Benton.  The 
fauna  is  apparently  an  extension  of  the  known 
range  of  the  late  Comanche  fauna  as  far  north 
as  southern  Wyoming. 

The  single  ammonite,  Pachydiscus?  sp.,  from 
the  uppermost  sandstone  of  the  '^  Dakota  for- 
mation," is  sufficient  only  to  show  that  this 
sandstone  is  in  at  least  one  locality  of  marine 
origin.  The  specimen  might  belong  to  the 
Washita  fauna  or  to  a  later  one.  The  marine 
origin  of  the  sandstone  at  two  other  localities 
is  indicated  by  the  presence  of  Hdlym^niUs- 
These  localities  are  at  the  mouth  of  Little 

*  Stanton,  T.  W.,  Some  problems  connected  with  the  Dakota  sand- 
stone: Geol.  Soc.  America  Bull.,  vol.  33,  pp.  265-272, 1922. 
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Thompson   Canyon   and    10   miles   north    of 
Boulder,  Boulder  County,  Colo.* 

•  Heoderaoa,  Junius,  The  Cretaceous  fonnatloua  of  nortbeostem  Colo- 
rado and  the  foothills  forxnations  of  northroentral  Colorado:  Colorado 
Oeol.  Survey  Bull.  19,  p.  85, 1920. 


DISTRIBUTION  OF  SPECIES. 

The  following  table  and  list  show  the  geo- 
graphic distribution  of  the  species  described  in 
this  paper : 


DistrHmUon  of  species  from  the  so-called  Dakota  formation  of  northern  central  Colorado  and  southern  Wyoming  by  localities. 


al 

X 

2 

3 

4 

X 
X 
X 

5 

X 
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X 
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■    •   •   • 

10 

X 
X 
X 
X 
X 
X 

11 

X 
X 
X 
X 
X 
X 

12 

X 

13 

•  •  •  ■ 

14 

.X 

15 

X 

15 

Inoceramus  comanch^mus  Cragin 

InoceramuB  bellvucuBlB  Reeside 

X 

Pteria  salinensis  White 

X 

X 

X 

X 
X 
X 

•  *   •    « 

•  •   «   • 

X 

X 
X 
X 
X 

X 

X 

X 

OfltTf*  lariTnwPTisifl  Rpfflid^.  -.,.-.--  ^ 

X 

X 

Ostrea  noctuensifl  Iteeside 

X 

Anchura  kiowana  Cracin? ...........  r  - 

• 

Pachvdiflcus?  8d 

X 

AminoTiitiA.  imafftRrxnin^d .  .  .                  

X 

Pish  Bcal^  and  bones  ^ .  ^ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

•  Vuxnbera  refer  to  the  lo?alities  given  in  th3  following  list. 

1.  U.  S.  6.  S.  locality  3689.  Sixmile  Canyon,  4  miles 
north  of  Boulder,  Boulder  County,  Colo.;  sandy  shale 
between  the  ''Dakota"  sandstones;  T.  W.'  Stanton, 
collector,  1906: 

Inoceramus  comancheanus  Cragin. 
Pteria  salinensis  White. 
Ostrea  sp.  undetermined. 

2.  U.  S.  G.  S.  locality  3690.  Lykins  Gulch,  9  miles 
north  of  Boulder,  Boulder  County,  Colo.;  sandy  shale 
between  the  "Dakota''  sandstones;  T.  W.  Stanton, 
collector,  1906: 

Pteria  salinensis  White. 

Ostrea  sp.  undetermined. 

Fish  remains. 
8.  U.  S.  G.  S.  locality  3685.    South  end  of  Rabbit 
Mountain,  7  miles  northwest  of  Longmont,  Boulder  County, 
Colo.;  shales  between  the  "Dakota"  sandstones;  T.  W. 
Stanton,  collector,  1906: 

Inoceramus  sp.  undetermined. 

Pteria  salinensis  White. 

Ostrea  sp.  undetermined. 

4.  U.  S.  G.  S.  locality  3686.  Lykins  Tanch,  at  mouth 
of  canyon  of  Little  Thompson  Creek,  Boulder  County, 
Colo.;  sandy  shale  between  the  "Dakota"  sandstones; 
T.  W.  Stanton,  collector,  1906: 

Inoceramus  comancheanus  Cragin. 
Inoceramus  bellvuensis  Reeside. 
Pteria  salinensis  White. 
Ostrea  noctuensis  Reeside. 

5.  U.  S.  G.  S.  locality  10631.  Handy  ditch,  canyon 
west  of  Loveland,  Larimer  County,  Colo.;  sandy  shale 
beneath  the  "upper  Dakota"  sandstone;  W.  T.  Lee, 
collector,  1921: 

Inoceramus  comancheanus  Cragin. 

Fish  remains. 
••  U.  S.  G.  S.  locality  10657,    Handy  ditch,  canyon 
west  of  Loveland,  Larimer  County,  Colo. ;  middle  of  shale 
between  the  "Dakota"  sandstones;  W.  T.  Lee,  collector, 

1921. 

Inoceramus  sp.  undetermined. 
Pteria  salinensis  White. 
Ostrea  larimerensis  Reeside. 
Ostrea  noctuensis  Reeside 
Fish  remains. 


7.  U.  S.  G.  S.  locality  3688.  Eight  miles  northwest 
of  Loveland  and  2  miles  north  of  the  junction  of  Big 
Thompson  and  Buckhom  creeks,  Larimer  County,  Colo.; 
sandy  shale  between  the  "Dakota"  sandstones;  T.  W. 
Stanton,  collector,  1906: 

Ostrea  noctuensis  Reeside. 
Fish  remains. 

8.  U.  S.  G.  S.  locality  10659.  Soldier  Canyon,  west 
of  Fort  Collins,  Larimer  County,  Colo. ;  middle  of  shale  of 
"middle  Dakota";  W.  T.  Lee,  collector,  1921: 

Inoceramus  comancheanus  Cragin. 
Pterii^  salinensis  White. 
Ostrea  larimerensis  Reeside. 
Ostrea  noctuensis  Reeside. 
Anchura  kiowana  Cragin? 
Fish  remains. 

9.  U.  S.  G.  S.  locality  3687.  Ditch  bank  on  north  side 
of  Cache  la  Poudre  River,  9  miles  northwest  of  Fort  Collins 
and  2  miles  above  Laporte,  Larimer  County,  Colo. ;  shale 
between  the  "Dakota' '  hogbacks;  T.  W.  Stanton,  collector, 
1906. 

Inoceramus  comancheanus  Cragin. 

Inoceramus  bellvuensis  Reeside. 

Ostrea  larimerensis  Reeside. 

Ostrea  noctuensis  Reeside. 

Fish  remains. 
19.  U.  S.  G.  S.  locality  10660.    Ditch  on  "Dakota" 
ridge  in  sec.  12,  T.  8  N.,  R.  70  W.,  north  of  Bellvue,  Lar- 
imer County,  Colo.;  upper  part  of  "middle  Dakota"; 
W.  T.  Lee,  collector,  1921: 

Inoceramus  comancheanus  Cragin. 

Inoceramus  bellvuensis  Reeside. 

Pteria  salinensis  White. 

Ostrea  larimerensis  Reeside. 

Ostrea  noctuensis  Reeside. 

Anchura  kiowana  Cragin? 

Fish  remains. 
11.  U.  S.  G.  S.  locality  5401.  Owl  Canyon,  12  miles 
north  of  Fort  Collins,  Larimer  County,  Colo.;  "middle 
Dakota";  Junius  Henderson,  collector,  1907* 

Inoceramus  comancheanus  Cragin. 

Inoceramus  bellvuensis  Reeside. 

Pteria  salinensis  White. 

Ostrea  larimerensis  Reeside. 
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Otrea  noctuoiBiB  Reeside. 

Andiiizm  Idowana  Cragin? 

r.  S.  G.  S.  locality  10375.  Two  miles  southeast  of 
imnch,  20  miles  north  of  Fort  Collins,  Larimer 
<«iBaty,  Colo.;  dark  shale  beneath  the  ''upper  Dakota" 
ht^timdk;  T.  W.  Stanton,  collector,  1920: 

Inoceramus  comai^cheanus  Gragin. 

Pteria  salinensis  White. 
tt.  U.  S.  G.  S.  locality  10375a.    Same  locality  as  10375; 
upper  sandstone  of  the  ''Dakota' '  hogback,  above  the  dark 
shales;  T.  W.  Stanton,  collector,  1920: 

Pachydiscus?  sp. 
U.  U.  S.  G.  S.  locality  10662.    Schoolhouse  near  Box 
Elder   Creek,  southeast  of  Greenacre   ranch,    Larimer 
County,  Colo.;  upper  part  of  "middle  Dakota";  W.  T. 
Lee,  collector,  1921: 

Inoceramus  comancheanus  Cragin. 

Ostrea  lanmerensis  Reeside. 

Fish  bone. 
U.  U.  S.  G.  S.  locality  5863.    Hone  Creek,  30  miles 
northwest  of  Cheyenne,  Laramie  County,  Wyo.;  shale 
beneath  the  upper  ledge  of  the  "Dakota";  T.  W.  Stanton, 
collector,  1909: 

Inoceramus  comancheanus  Cragin. 

Pteria  salinensis  White. 

Gastropod,  undetermined. 

Fish  remains. 
le.  U.  S.  G.  S.  locality  10670.    Gap  of  Chugwater  Creek 
at   Iron   Mountain,    Laramie   County,    Wyo.;  "middle 
Dakota"  shale;  W.  T.  Lee,  collector,  1921: 

Inoceramus  comancheanus  Cragin. 

Pteria  salinensis  White. 

Ostrea  lanmerensis  Reeside. 

Ammonite,  undetermined.^  * 

Fish  remains. 

DESCRIPTIONS  OF  SPECIES. 

Qenus  INOCXBAMVS  Sowerby. 

Inoceramns  comancheanus  Cragin. 

Plate  XLV,  figures  1-7 

1895.  Inoceramus    eomancheoTia    Cragin,    Colorado    Coll. 

Studies,  5th  year,  pp.  53-55. 
1901.  Inoceramus  comancheanus  Cragin.    Hill,  U.  S.  Geol. 

Survey  Twenty-first  Ann.  Rept.,  pt.  7,  pi.  35, 

fig.  4. 
1920.  Inoceramus    comancheanus    Cragin.    Adkins    and 

Winton,  Texas  Univ.  Bull.  1945,  p.  73,  pi.  17, 

fig.  1-3. 

Cragin's  original'  description  is  as  follows : 

Shell  equivalve,  broadly  and  obliquely  rhombic-ovate, 
more  gibbous  than  that  of  I.  labiatu^  Schlotheim,  the  axis 
of  greatest  dimension  diverging  from  the  hinge  line  much 
more  widely  than  in  the  latter  species;  alar  outline 
rounded;  anterior  margin  descending  steeply  in  a  nearly, 
straight  line  for  a  considerable  distance  on  front  of  the 
beaks,  then  curving  rather  suddenly  away  toward  the 
somewhat  prominently  convex  distal  part  of  the  basal 
outline,  anterior  and  posterior  margins  making  nearly  a 
right  angle  with  each  other;  beaks  placed  opposite  the 
anterior  extremity  of  the  hinge,  moderately  inflated  and 
moderately   elevated   above  the  hinge  line,    anteriorly 


flattened  but  not  abruptly  so;  hinge  plate  rather  short, 
broad,  the  ligamenfal  grooves  crowded,  more  numerous 
and  longer  than  in  J.  li£biatuSy  though  ample  and  shallow; 
valves  thin,  ornamented  with  numerous  concentric 
riblike  folds,  which  on  the  distal  and  ventral  parts  are 
quite  strongly  elevated  and  much  narrower  than  the 
intervals  between  them. 

Height  82,  length  95,  breadth  54,  axis  of  greatest  dimen- 
sion 107  milimeters.  In  some  examples  the  species 
attains  considerably  laiger  dimensions. 

The  writer  has  in  hand  a  number  of  fairly 
good  specimens  of  an  Inoceramus  indistinguish- 
able from  specimens  of  /.  comancheanus.  This 
species  is  characterized  by  its  elongate  form, 
the  axis  of  elongation  making  an  angle  of  50^ 
to  70^  vnth  the  hinge  line;  moderately  coarse, 
roimded,  concentric  ribs  without  finer  sculpture 
between;  ribs  somewhat  irregular;  mnbo 
rather  slender;  anterior  margin  straight  or 
slightly  concave,  making  an  angle  of  70^  to  100^ 
with  the  hinge  line.  It  differs  from  the  later 
/.  labiatv^,  as  pointed  out  by  Cragin,  in  the 
greater  angle  between  the  axis  of  elongation 
and  the  hinge  line.  It  is  also  less  elongated, 
has  stronger  sculpture  and  less  smoothly  ovate 
concentric  ribs,  and  lacks  the  fine  striae  between 
the  concentric  ribs.  It  somewhat  resembles 
an  undescribed  species  associated  with  /. 
labiatus  and  related  to  /.  lamarchi  var.  cuvieri 
Sowerby,  though  it  differs  in  having  a  more 
elongate  form  and  much  finer  sculpture. 
Inoceramus  anglicus  Woods,  of  the  Grault;  /. 
crippsi  Mantell,  of  the  Cenomanian;  and  /. 
pictus  Sowerby,  of  the  Cenomanian,  are  re- 
lated species.  /.  anglicus  has  more  regular 
concentric  ribs  and  a  broader  curvature  and 
is  a  wider  shell.  /.  crippsi  ha3  a  greater  angle 
between  the  anterior  margin  and  the  hinge 
line  (140^),  a  thicker  umbo,  and  fine  striae 
between  the  concentric  ribs.  /.  pictus  differs 
chiefly  in  possessing  finer  sculpture.  These 
comparisons  are  based  lai^ely  on  figures  by 
Woods  ^  and  might  not  hold  in  an  actual 
comparison  of  specimens,  but  so  far  as  the 
writer  is  able  to  determine,  /.  comancheanus  is 
closer  to  /.  crippsi  and  /.  pictus  than  to  the 
other  species  mentioned. 

Occurrence:  Many  localities  in  Texas, 
Kansas,  Oklahoma,  and  southern  Colorado. 
In  northern  Colorado :  Sixmile  Canyon,  Lykins 
ranch,  canyon  west  of  Loveland,  Soldier 
Canyon,    Cache   Ja   Poudre   River,    north   of 


7  Woods,  ITcnry,  A  monograph  of  the  Cretaceous  LamellfbraachU  of 
England,  vol.  2,  pt.  7,  pp.  2M,  273,  279,  text  figi.  29,  3S-M;  pi.  45,  figs. 
8-10;  pi.  4S,  figs.  2,  3:  pi.  49,  flgs.  5,  ft,  1911. 
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Bellvue,  Owl  Canyon,  2  miles  southeast  of 
<jreenacre  ranch,  Boxelder  Creek.  In  Wyo- 
ming: Horse  Creek  and  Iron  Mountain." 

Inocermmiis  bellyuensis  Reedde,  n.  sp. 

Plate  XLVI,  figures  1-3. 

Shell  apparently  equivalve,  very  inequilat- 
-eral.  Outline  of  valve  subquadrate;  anterior 
part  moderately  convex;  posterior  part  flat- 
tened, forming  an  ill-defined  wing  dorsaUy. 
Anterior  mar^  nearly  straight;  v?ntral  mai- 
,gin  broadly  convex;  posterior  margin  nearly 
straight.  Anterior  margin  makes  an  angle  of 
120^  with  the  hinge  line.  Small  part  of  hinge 
line  preserved  shows  ligament  pits  small  and 
shallow.  Umbones  nearly  terminal.  Oma- 
mentation  of  somewhat  Regular  narrow  con- 
centric  ribs  with  unsymmetrical  curvature; 
interspaces  wider  than  ribs,  concave. 

This  species  is  marked  by  its  broad  sub- 
<iuadrate  valves,  small  convexity,  and  sculp- 
turOi  It  is  perhaps  closer  to  Inoceramus 
-crippsi  Mantell  than  to  any  other  species  but 
shows  no  trace  of  the  fine  striae  between  the 
jribs  that  are  present  on  that  species. 

The  specific  name  is  derived  from  Bellvue, 
Oolo.,  near  which  the  type  was  collected. 

Occmrence:  Lykins  ranch.  Cache  la  Poudre 
Briver,  north  of  Bellvue,  and  Owl  Canyon, 
Colo. 

Gknus  PTEBIA  Scopoli. 
Pteria  saUnensU  WUte. 

Plate  XLVII ,  figures  l-;^ . 

1880.  Pteria  (Oxytoma)  talinensis  White,  U.  S.  Nat.  Mus. 
Proc.,  vol.  2,  pt.  2,  pp.  296,  297,  pi.  6,  figs.  1,  2. 

1883.  Pteria  (Oxytoma)  Mdinenais  White,  U.  S.  Geol.  and 
Greog.  Survey  Terr.  Twelfth  Ann.  Rept.,  pt.  1, 
pp.  15, 16,  pi.  16,  figs.  2a,  b. 
?1893.  Pteria  aalinensia  White.     Cragin,  Tex|U9  Geol.  Sur- 
vey Fourth  Ann.  Kept.,  p.  211. 

White's  original  description  is  as  follows: 

Shell  rather  large  for  a  Cretaceous  Pteria;  the  body, 
exclusive  of  the  wings,  obliquely  subovate,  broad  at  the 
base,  moderately  gibbous,  distinctly  but  not  very  greatly 
inequivalve;  the  left  valve,  as  usual,  more  convex  than 
the  right  and  its  beak  more  prominent;  the  convexity  of 
the  valves  somewhat  uniform  but  increasing  toward  the 
umbonal  region  in  each,  where  it  is  greatest;  anterior  wing 
moderately  large,  defined  from  the  body  of  the  shell  by 
being  laterally  compressed  but  not  by  any  distinct  auric- 
ular furrow,  the  byssal  sinus  under  the  anterior  wing  of 
the  right  valve  having  the  usual  size  and  shape  common 


*  The  full  description  of  all  these  loi  alities  is  given  on  pages 


to  OTytoma;  posterior  vring  not  proportionately  laige  and 
not  distinctly  defined  from  the  body  of  the  shell  except 
by  a  somewhat  gradual  lateral  compression;  its  pos- 
terior angle  not  greatly  produced ;  hinge  line  less  than  the 
axial  length  of  the  shell;  posterior  adductor  scars  not 
distinct;  anterior  adductor  scars  distinct  and  deep  for  a 
shell  of  this  genus,  placed  immediately  in  front  of  the 
beaks,  that  of  the  left  valve  being  more  distinct  than  the 
other.    ♦    »    ♦ 

It  is  known  to  have  reached  an  axial  length  of  more  than 
60  millimeters,  a  transverse  width  near  its  base  of  at  least 
50  millimeters,  and  a  thickness  of  about  25  millimeters 
when  both  valves  were  in  natural  position. 

The  character  of  the  surface  is  not  known,  but  it  was 
evidently  nearly  smooth,  as  is  usual  with  Oxytoma, 

The  writer  has  in  hand  a  number  of  speci- 
mens that  include  both  valves  of  a  smooth- 
shelled  Pteria,  Such  simple  shells  are  some- 
what unsatisfactory  material  for  comparisons, 
as  very  sinular  species  occur  at  a  number  of 
very  distinct  horizons,  from  the  Paleozoic  on. 
However,  in  comparison  with  species  from  the 
Washita,  Colorado,  and  Montana  groups  the 
specimens  in  hand  are  so  close  to  P.  aalinensis  that 
it  is  difficult  to  pick  out  an  essential  difference. 
P.  gasirodes  (Meek)  of  the  Benton  is  a  lai^e, 
stout,  nearly  equivalve  shell  with  the  outline 
of  the  valves  well  rounded,  the  anterior  ear 
short  proportionately,  and  the  axis  of  the  shell 
only  ^  moderately  oblique.  P.  linguaeformis 
(Evans  and  Shumard)  is  a  proportionately 
small,  inequivalve  shell,  with  valves  rather 
elongated  and  oblique,  and  the  anterior  ear 
small.  P.  aalinensia  has  a  less  elongated  form 
than  P.  linguasfarmia  and  is'  much  larger,  but  it 
is  not  nearly  so  stout  and  rounded  as  P.  ga^- 
trodea.  It  has  also  a  relatively  long  and  nar- 
row anterior  ear  and  is  nearly  equivalve. 

Occurrence:  Washita  group  of  Texas  and 
rocks  of  same  age  in  Kansas  and  southern 
Colorado.  In  northern  Colorado :  Sixmile  Can- 
yon, Lykins  Gulch,  Lykins  ranch,  south  end 
of  Kabbit  Mountain,  canyon  west  of  Loveland, 
Soldier  Canyon,  north  of  Bellvue,  Owl  Canyon, 
and  2  miles  southeast  of  Greenacre  ranch.  In 
Wyoming:  Horse  Creek  and  Iron  Mountain. 

Oenns  OSTBEA  Linnaeus. 
Ostrea  larimerensis  Reeside,  n.  sp. 

Plate  XLVII,  figures  &-12. 

Shell  very  thin,  flattened,  acutely  triangular 
in  outline;  small,  an  average  specimen  attain- 
ing a  length  of  60  millimeters.  Beak  narrowly 
tapered;    base    of   valve   smoothly   roimded. 
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Margins  of  the  valves  smooth.  Surface  irregu- 
larly and  finely  wrinkled,  especially  near  the 
beak.  Internal  cast  reflects  the  larger  wrinkles, 
but  otherwise  smooth.  Hinge  not  seen;  prob- 
ably small  and  weakly  developed. 

The  writer  has  hesitated  to  apply  names  to 
this  and  the  following  species  of  Ostrea,  Both 
belong  to  a  type  of  simple  oyster  that  appears 
in  many  faimas  from  Jurassic  to  Recent  time, 
and  although  di£Ferences  may  be  pointed  out 
the  variabiUty  of  the  shells  is  so  great  that  no 
differences  seem  to  hold  good,  and  separation 
into  species  is  more  or  less  arbitrary.  However, 
there  appear  to  be  no  described  forms  in  the 
equivalent  or  adjacent  faunas  of  the  r^ion  that 
may  be  compared  with  these,  and  as  a  matter 
of  convenience  names  are  here  applied. 

The  specific  name  of  0.  larimerensis  is  derived 
from  Larimer  County,  Colo. 

Occurrence:  Canyon  west  of  Loveland,  Sol- 
dier Canyon,  Cache  la  Poudre  River,  north  of 
Bellvue,  Owl  Canyon,  and  Box  Elder  Creek, 
Colo.;  Iron  Moimtain,  Wyo. 

Ostrea  noctuensis  Reeside,  n.  sp. 

Plate  XLVIII,  figures  1-6. 

Shell  very  thin,  gently  arched,  subquadrate, 
of  medium  size,  an  average  individual  attaining 
a  length  of  80  or  90  millimeters.  Beak  blimtly 
rounded,  basal  part  of  shell  broadly  rounded. 
Margins  of  valves  smooth.  Surface  of  most  of 
the  specimens  marked  by  fine,  rather  regular 
concentric  lines  and  a  few  broad,  obscure  folds. 
Surface  of  other  specimens  irregularly  wrinkled, 
much  as  in  0,  larimerensis.  Internal  cast 
smooth  except  for  the  reflection  of  the  broad 
folds.     Hinge  small  and  weak. 

This  species  may  possibly  be  cnly  a  variant 
of  0.  larimerensis,  as  it  is  of  the  same  general 
type,  but  its  broad  outline  is  distinct,  and  so  is 
its  sculpture  in  most  of  the  specimens. 

The  specific  name  is  derived  from  the  locality 
of  the  type,  Owl  Canyon  {noctuus  =  owl) . 

Occurrence:  Lykins  ranch,  canyon  west  of 
Loveland,  northwest  of  Loveland,  Soldier 
Canyon,  Cache  la  Poudre  River,  north  of  Bell- 
vue, and  Owl  Canyon,  Colo. 


Qenus  ANCHT7BA  Conrad. 

Anchura  kiowana  Cragin? 

Plate  XLVIII,  figures  6-8. 

1895.  Anchwra  kiowana  Cragiii,  Colorado  Coll.  Studies,  5th 
year,  pp.  66,  67. 

Cragin's  original  description  is  as  follows: 

Shell  small,  consistiiig  of  six  convex  whorls;  spire  ele- 
vated; suture  impressed;  wing  of  moderate  size,  coDsifltiDg 
of  a  proximal  flangelike  part,  continued  posteriorly  acrofls 
half  or  more  of  the  first  spire  whorl,  and  a  carinated  falci- 
form process;  carina  gradually  arising  at  the  base  of  the 
falciform  process  and  traversing  the  latter  to  the  extremity; 
falciform  process  much  shorter  and  less  upturned  distally 
than  that  of  the  somewhat  similar  species  A,  ruida  White, 
not  rising  to  the  lowest  level  of  the  suture  between  the 
body  whorl  and  the  first  spire  whorl  but  having  its  point 
directed  outward  and  somewhat  upward  so  as  to  make  a 
large  angle  with  the  axis  of  the  spire,  extero-inferior  out- 
line of  wing  rounded  and  the  border  between  this  and 
the  canal  sinuous,  margin  of  upper  (flange)  part  of  wing 
describing  a  slightly  concave  to  sigmoid  outline  and  more 
or  less  thickened  and  reflexed ;  inner  lip  provided  with  a 
moderately  broad  and  prominent  callous;  canal  short  and 
obliquely  truncated;  spire  whorls  and  posterior  half  to 
two-thirds  of  body  whorl  ornamented  with  narrow  cun^ed, 
subvertical  ribs  or  folds,  of  which  there  are  about  24  on  the 
first  spire  whorl,  and  with  numerous  revolving  striae,  the 
latter  ornamentation  gradually  becoming  prominent  and 
superseding  the  ribs  on  the  lowest  third  to  half  of  the  body 
whorl. 

Height  19,  breadth  of  body  whorl,  including  excuision 
of  the  wing,  15  millimeters;  angle  of  spire  slopes  about  as 
in  A,  rvxda  White.  ♦  *  ♦  This  species  is  distinguished 
from  Anchura  ruida  White  by  the  vertically  costate  body 
whorl,  by  the  shorter,  differently  directed  falcifonn 
process,  and  by  having  the  alar  carina  confined  directly  to 
tlie  wing  and  nearly  to  the  falciform  process  instead  of 
being  common  to  the  wing  and  part  of  the  body  whorl. 

The  writer  has  six  specimens  of  a  small 
species  of  An^Jiura,  all  poorly  preserved  but 
showing  enough  of  the  details  to  indicate  a 
close  relationship  to  A.  Jciowana,  as  defined ^y 
Cragin's  description  and  by  good  specimens. 
One  specimen  preserves  a  mold  of  the  exterior 
of  the  wing,  and  although  fine  details  are  lack- 
ing it  is  clear  that  the  wing  has  the  form  of  that 
of  A.  Jciowana  and  that  the  carina  is  confined 
practically  to  the  wing.  The  presence  of 
vertical  ribs  is  also  indicated  on  the  body  whorl 
of  this  specimen.  Another  specimen  preserving 
a  mold  of  the  spire  and  perhaps  part  of  the 
body  whorl  shows  a  strong  sculptm'e  like  that 
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on  A,  Iciowana.  The  material  available  is 
inadequate  for  certain  identification,  but  the 
differences  from  A.  ruida  White  and  other 
species  of  equivalent  and  adjacent  formations 
and  the  resemblances  to  A.  Idowana  make  a 
tentative  assignment  to  that  species  justifiable 
Occurrence:  Kiowa  shale  of  Kansas.  Soldier 
Canyon,  north  of  Bellvue,  and  Owl  Canyon, 
Colo. 

Genus  PACHTDISCUS  Zittel. 
Pachydiscos?  sp. 

Plate  XLIX,  figure  1. 

A  single  specimen  of  an  ammonite,  much 
weathered  and  preserving  few  details  but  sug- 
gesting strongly  the  genus  PackydiscuajiA  con- 
tained in  the  collections.  It  might  well  be  a 
weathered  specimen  of  P.  brazoensis  (Shumard), 
but  it  might  equally  well  belong  to  some  later 
species,  and  even  a  certain  generic  assignment 
must  await  better  material. 

The  stratigraphic  position  of  this  specimen  is 
a  little  higher  than  that  of  the  remainder  of  the 
fossils  described  in  this  paper.  It  came  from 
the  upper  sandstone  of  the  '^  Dakota"  hogback, 
above  the  dark  shales,  and  not  from  the  shales 
themselves,  as  did  the  other  fossils. 

Occurrence:  Two  miles  southeast  of  Green- 
acre  ranch,  Colo. 

Ammonite,  genua  and  spedes  undetorained. 

Plate  XLIX,  figure  2. 

A  single  small  specimen  of  an  ammonite  pre- 
serving few  distinctive  features  is  contained  in 
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the  collections.  The  shell  is  clearly  that  of  a 
much  compressed  species  with  very  small  um- 
bilicus and  truncated  but  unchanneled  venter. 
The  earlier  part  of  the  shell  preserved  shows 
coarse,  apparently  rounded  ribs,  but  the  later 
part  is  practically  smooth.  The  greatest  diam- 
eter of  the  shell  is  30  millimeters,  and  the  width 
of  the  truncated  venter  a  little  more  than  1 
millimeter.  The  shell  might  be  a  species  of 
EngonoceraSf  KnemiceraSj  Metoicoceras,  or  some: 
other  genus. 
Occurrence:  Iron  Mountain,  Wyo. 

Fish  scales  and  bones,  undetermined. 

Plate  L,  figures  1-11. 

Fish  scales  and  bones  occur  at  several  of  the 
localities  from  which  fossils  are  described  in 
this  paper.  Some  of  them  resemble  Leuch- 
icJUhyops  vagans  Cockerell,*  and  others  re- 
semble Ichthyodectes  sp.  Cockerell.*®  A  few 
specimens  are  figured  for  the  sake  of  more  com- 
pletely illustrating  the  known  faima. 

Occurrence:  Lykins  Gulch,  canyon  west  of 
Loveland,  northwest  of  Loveland,  Soldier 
Canyon,  Cache  la  Poudre  River,  north  of  Bell- 
vue, and  Box  Elder  Creek,  Colo. ;  Horse  Creek 
and  Iron  Mountain,  Wyo. 

*  CockeiBll,  T.  D.  A.,  Some  American  CretaoeouB  fish  scaleB:  U.  S. 
Oeol.  Survey  Prof.  Paper  120,  p.  180,  pi.  35,  figs.  1-15, 1019. 
10  Idem,  p.  179,  pi.  34,  figs,  3, 4. 
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I    CENTRAL    COLORADO    AND 


PBOFESSIOVAL    P 


COLORADO  AND 


rj  llce!ide,  n.  sp.,  nortli  of  Bell 
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1-S.  Plirii  Mlinenia  Whits,  norlb  ofBellTue,  Cola.    1-3,  £ell  v&lvu  ot  Uitm  speiimens  (U.  S.  NM.  Urn.  caUlog  No.  iJili):  4,2,  right 

TBlresof  iwo  specimens  (V.  8.  Nat.  Mus.  catalog  So.  32316). 
e-10.  Ortrti  larimtTetui'  Itpeside.  n.  ap.,  Sddler  Canyon, Colo.    B,  Smallcomplste  vBl\«,ieleci«lM(he  type  (U.  S,  Nat.Miu.cBtalog 

No,  32>I7>-  7.H,  apical  part  ollwo  valves,  showing  the  KUlptura  (U.  S.  Nat.  Uiu.  (slolog  No,  az,'>l'i)  -  9, 10,  two  lareer  spBdmani, 

portly  exfoliated  (U.  S.  Nat.  Mti9.  atal(«  No.  3251"). 
11,13.  Oilrea  laiimrrfmla  Rficslde,  n.sp.,  north  ofBellvue,  Colo.    11,  Inlemal  cast  of  an  unusually  porver  spedmen  (U.  S.  Nal.  Una. 

(stalm:  No.  32jli));  IS,  a  niartycoiDplele  valve  retaining  the  ibell  (U,  S.  Nat.  Hus.  catalOE  No.  SUIRU 


.  OEOLOaiCAL  SURVEY  FKOFBSSIOHAl.  PAPER  131     PLATE  XLVIU 


J  4 


l,a.  Orfrfonordifn'/jHiviirip.n.sp.,  Owl  Csnyori,  Colo,    1.  Typesnerimfiifli.S.  Nat.Mus.calalogNo.S: 

cal  part  of  nnolher  siipdmen  (V,  S.  Nat.  Miia.  cataloe  No.  32521). 
3,4.  0>frM?uicfuriui>  Rccside,  n.ap..  nortborBellvtie,  Colo,    3,  Speiimtn  MalnlnE  i 
catalog  No.  Stalky.  4,  specimen  relainliiE  only  the  spiral  part  of  Uie  sheU  (U.  8.  Nat. 
S,  OiWQ  tuKfunuli  Rwsid*.  n.  sp.,  ^'oldier  Canyon,  Colo,    Impnial  ra^t.    (I).  R,  Nat,  Mus.  catalog  No.  32&23.) 
6,7.  HBc)>Hnil;ji>iraiwCrsKiii>,Rolrtier  Canyon,  Colo.    Two  specimens  (X  2).    {U.  S.  Nat.  Mus,  catal<^  No.  32524,) 
8.  Aacliura  kiouanv  Cragiii;  typiml  Biample  from  Kansas  for  comparison. 
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1,?.  OMrfiiHor<urn™Hw™ip,n,,ip.,  Owl  Canyon,  Colo.    1,  Tj-pespflclmenCU.  S.Nal.  Mus.cat 

cal  part  ot  aiioilior  sppclmen  (C.  S.  Net.  Mus.  calaloK  No.  32,121). 
3,4.  OifrM  Tuiduni.Ti]  Reenide,  n,sp,,  north  orB»IIvii».  Colo.  3>  SpfKlmen  ntslnlng  most  of  the 
cataloe  No.  3Z:i'r.  1,  upedmen  rotalnliiR  only  (ha  aplca\  pan  of  t>M  shell  (V,  S.  Nsl,  Mns,  (sta 
5.  OatTU  THKtutmla  Itecside,  n.  sp,,  8ddler  Csiij'on,  Colo,  Iiilcrnal  issl.  (IT.  S.  Nat.  Mus.  cats 
6,7.  ,liirf(HfolM«BnaCrBKin?,.SoldrBr  Canyon,  Colo.  Twosprcimfnf  rx  2),  (U,  S.  Nil,  Mlla. 
8.  A»c>iura  kioaam  Cragiii;  lypiisl  eramplo  from  Kansas  lof  comparison. 
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1-7.  Fish  scalsauidbone^,  north  of  BeLlvue,C<do.(U.  S.  Nst,  Mus.  catilog  No.  10771). 
R-10.  Fish  scales  and  bone,  Iron  UoimUin.  Wyo.  (U.  B.  Nat.  Ma';,  catsloi;  No.  10771). 
11.  Fishbone,  HoT3eCreefc,W7o.  (U.S.  Nat.  Mils,  catalog  No.  lOTTS). 
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Concillas  Creek,  Tex.,  Wiloox  fossils  from 4 

Cooiferqphytae 6-8 
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Comusstuderi  Lesquereux 16 
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Equlaetaoeae 151-152 
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F. 

Fagaoeae Wl 
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richardsoni  Knowlton 10 

tenuinervis  Lesquereux 162 
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Valley,  Ariz 11^131 
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possible  unconformity  between  the  Devonian  and  Carbonifer- 
ous systems  in 53^54 
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unconfonnity  between  the  Cambrian  and  Devonian  systems  in .  49-51 

Grand  Junction,  Tenn.,  Wilcox  fossils  from 2 

Gravel,  in  pocket  beach  south  of  Nantasket,  Mass.,  plate  showing. .       76 

of  promontory  south  of  Nantasket,  Mass.,  plate  showing 76 

Green  River  formation,  bidogic  interpretation  of 144-148 

climate  diu-ing  deposition  of 144-147 
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flora  of,  accepted  names  of 142 
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organic  remains  in 135-136 

Green  River  lake,  flshes  of 137 

probable  features  of 135-137 

Green  River  station,  fossils  from 138^130 

fossils  from  locality  west  of 13S 

GulfCoastal  Plain  of  Texas,  gedogic  map  of... IM 

H. 

Hall,  James,  dted 175 

Hayden,F.V.,dted 133,135 

Hedera  marglnata  Lesquereux 19 

HeUctoxyloa  wUoQxianum  Berry,  n.  sp IS 

Hendersoo,  Junius,  dted 183 

Hepaticae 4-6 

Hermit  shale,  deflnitioQ  of M 

fossils  in,  near  Red  Top,  Ariz 66^05 

nature  and  thickness  of 26,28-29,64-66 

typical  exposure  of,  in  Tapeats  Amphitheater,  Ariz.,  plate 

showing 64 

unoonformities  between  the  Supai  formatioa  and.  Bright  Angd 

quadrangle,  Ariz 63-64 

plates  showing 61,64 

I. 

Icadnaceae 14-15- 

Ilex  maculata  Lesquereux 16B 

vyomingiana  Lesquereux 19^ 

Ilex?  affinis  Lesquereux 160 

Inooeramus  bdlvuensis  Reeside,  n.  sp 203 

oomancheana  Oagin 202 

oomancheanus  Cragin 202-203 

J. 

JackBOQville,  Ark.,  Wilcox  fossils  near 2 

Juglans  aUcalina  Lesquereux 160 

crossii  Knowlton 100 

denticulate  Heer 160 

oocidentalis  Newberry 158-150, 174 

schimperi  Lesquereux 158,  l.S9-lflO 

winchesteri  Knowlton,  n.  sp 160-161 

Juncus  sp.  Lesquereux 155 

K. 

Kaibab  limestone,  analyses  of  Umestoae  from 60 

beds  overlying ,  at  Cedar  Mountain ,  A  riz 71-73 

fossils  in,  at  Bass  C^anyoo,  Ariz 70-71 

nature  of 26, 27-28,68-70 

subdivisions  of 70 

thickness  of 70 

Sling,  Clarence,  cited 137 

Kirk,  Edwin,  dted 48 

Knowlton,  F.  H.,  Fossil  plants  from  the  Tertiary  lake  beds  of 

south-central  Cdorado 183-197 

Revision  of  the  flora  of  the  Green  River  formation 133-182 

L. 

Laboulbillales 148 

Lagomorpha  cf .  Lepus  sp 128 

sp.  Nos.  1 , 2,  and  3 127 

Lake  beds  of  south-central  Colorado,  fossil  plants  from 184-197 

nature  and  stratigraphic  places  of 183-184 

La  Pryor  crossing  on  Nueces  River,  Tex.,  Wilcox  fossils  from 

locality  near 304 

Larsen,  E .  8 . ,  ci ted 183-184 

Lauraceae. 163 

Laurinoxylon  branneri  Knowlton 10 

wilcoxianum  B  erry ,  n .  sp 10 

Laurus  verus  Berry ,  n.  sp 18-10 

Leguminosites  altemans  Lesquereux 156 

Leptosporangiatae 5-6 

Lesquereux,  Leo,  cited 137, 

138, 152, 151, 155, 160, 162, 164, 165, 166, 168, 109, 174 

LUiales 155 

Lomatia  hakeaef olia  Lesquereux 100 

Lomatites  hakeaef  oUa  ( Lesquereux )  Gockerell 190 

Lomatia?  microphylla  Lesquereux 162 

Lull,  R.  S. ,  fossils  determined  by 68 

Lygodium  dentoni  Lesquereux IjO 

kaulfiissii  Ileer 140-I5O 

neuropteroides  Lesquereux 140^ 
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VagnoHa  angostUolU  Newberry 12 

attenuate  Weber..'. 12 

lanceolate  Lesquereax 12 

lesleyana  Leoquereux 19 

leeiKnowItoQ 12 

Magnollaoeae. 12 

Kalvales 16-18 

Ifanicaria  haydenii  Newbeny 152 

Hansfleld,  La.,  Wilooz  fossils  from 2-3 

Ifarattiaceae 150-151 

MarrhantiteBstephenflonl  Berry,  n.  sp 4-5 

Karchantiales 4-5 

Ifartesia?  LaredoSnsis  Gardner,  n.  sp 114,  PI.  XXXn 

Hatsoo,  O.  C,  acknowledgment  to S5 

ICenispennaoeae. 12-14 

Menispermites  cebathoides  Berry,  n.  sp 12-14 

JlimoBites  colondeDsis  Knowlton,  n.  sp 166 

▼ariabUis  Berry 14 

Hiss'ssippian  series,  members  of,  present  near  tbe  Bass  trail,  Ariz.  54-^7 
probable  unoonforznity  between  Pennsylvanian  series  and, 

near  Bright  Angel  trail,  Aris 57-69 

licnocarpeUitesperkinsiBeny,  n.  sp 16-17 

Monocotyledones 8,152-155 

Moraceae 8-12,162 

3f  uav  limestone,  analyses  of  limestones  tnm 43, 45 

fossilsin,  near  Bass  Canyon,  Ariz 48-49 

nature  of 26,33-34,43-45 

subdivisions  of 43-45 

thickness  and  correlation  of 45-48 

typical  exposure  of,  opposite  month  of  Garnet  Canyon,  Arix., 

plate  showing 40 

unconformities  between  Temple  Butte  limestone  and,  in 

Shinumo  quadrangle,  Ariz.,  plates  showing 50, 51 

Muridae 121 

Musophyllum  compUcatum  Lesquereux 165 

Myrica  ludwigU  Schimper 157 

minute  Knowlton,  n .  sp 157 

nigricans  Lesquereux 168 

praedrymeja  Knowlton,  n.  sp 157 

saliclna  Unger 156 

sp 157,168 

Myrtaceae? 171-172 

Myrtales 19-20 

N. 

Nantasket  Beach,  Mass.,  south  end  of,  conditions  of  abta^on  on. .  75-76 

south  end  of,  gravel  and  cobbles  on,  plates  showing 76 

sizes  and  sources  of  pebbles  on. • 75 

Needmore,  Tex.,  Wilcox  fossils  from  locality  near 3 

Negreet,  La.,  Wilcox  fossils  from 2 

Neofibersp 127 

NeotomafossillsGidley,  n.  sp 126-127 

Newberry,  J.  S.,  dted 135, 139, 149, 150, 153, 168, 172, 174-176 

Noble,  L.  F.,  A  section  of  the  Paleozoic  formations  of  the  Grand 

Can  yon  at  the  Bass  trail 23-73 

Nordenski61dla  borealis  Heer 176 

Nuculasp 109,  PI.  XXIX 

Nymphaeaceae 163 

O. 

OakviUe,  Tex.,  Wilcox  fossils  trom  locality  northeast  of 3 

Odostemon  hakeaefolia  (Lesquereux)  Knowlton,  n.  comb 190 

marginate?  ( Lesquereux)  Knowlton,  n.  comb 189-190 

TOdostemon  florissantensis  Cockerell 190 

Oil  shales  of  the  Green  River  formation,  extent  of 135 

source  of  oi  1  in ^ 144 

Onychomys  bensoni  Gidley,  n.  sp 125 

pedroensis  Gidley,  n.  sp 125 

Oreodaphne  virldiilumensis  Knowlton,  n.  sp 163 

Osbom,  H.  F,,  cited 137 

Osmunda?  sepulta  (N ewbeny)  Knowlton,  n.  comb 150 

Ostrea  alabaraiensis  subsp.  georgiana  Conrad 110-111, 

Pb.  XXIX,  XXX 

contracte  Conrad 110 

larimenmsis  Roeside,  n.  sp 203-201 

noctuensis  Reeside,  n.  sp • 204 

tasex  Gardner,  n.  sp 109-110,  PI.  XXXI 

titan  Conrad 110 

TOstrea  multilirata  Conrad 109 
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Pachydiscus?  sp 206 

Palmocarpon  butlerensls  Berry,  n.  sp 8 

Papilionaeeae 14,164-166 

Parallelodontidae 111-112 

Paris,  Tenn.,  Wilcox  fossils  from 2 

Parthenodssus  tertiaria  (Lesquereux)  Knowlton,  n.  comb 170-171 

Pebbles,  beach,  conditions  that  determine  shapes  of 75, 82-83 

beach,  laboratory  determinations  on 76 

methods  of  measuring .76 

purpose  of  the  study  of 75 

roundness  and  flatness  ratios  of,  methods  of  computing. . .       76 

results  of  oomputotions  of 76-82 

Pecqpteris  (Cheilanthes)  sepulte  Newberry 150 

( Phegopteris)  sepulte  Newberry 150 

Pelecypoda 109-114 

Pennsylvanian  series,  formations  of,  present  near  the  Bass  trail, 

Ariz 50-63 

probable  unconftumity  between  the  Mississippian  series  and, 

in  the  Grand  Canyon,  Ariz 67-69 

Permian  series,  formation  of,  in  the  Grand  Canyon,  Ariz 64-71 

Peromyscus 124 

brachygnathus  Gidley,  n.  sp 124 

minimus  Gidley,  n.  sp 124 


sp 


124 


Pholadidae ". 114 

Phyllites  coloradensis  Knowlton,  n.sp 176 

fremonti  Unger 176 

potentilloldes  Knowlton,  n.  sp 191-192 


sp. 


191 

wlnchesteri  Knowlton,  n.sp 175-176 

Pimelea  spatula  Knowlton,  n.  sp 163 

Pinales 6-8 

Plnus  coloradensis  Knowlton,  n.  sp I86 

crossii  Knowlton,  n.  sp 186-186 

florissanti?  Lesquereux I86 

similis  Knowlton,  n.  sp I86 

Plancra  inaequilateralis  (Lesquerisux)  Knowlton,  n.  comb 161-162 

longifolia  myricaefolia  Lesquereux 188 

myricaefQlia(  Lesquereux)  Cockerell 188 

variabilis  Newberry I6I,  167-168 

Polypodioceae 6-4,149 

Pon  tederit  es  hesperia,  Knowlton,  n .  sp 154-155 

Populus  heerii  Saporte 187 

lesquereuxl  Cockerell 187 

Proteaceae 102 

Pteria  (Oxytoma)  salinensis  White 203 

.   salinensis  White 203 

Pteridophyte 5-6,149-152 

Pterobalanus  Berry,  n.  gen 20 

texanus  Berry,  n.  sp 20 

Pulliam  ranch,  Zavalla  County,  Tex.,  WUcox  fossils  from  locality 

near 3 

Q. 

Quercus  castaneopsis  Lesquereux 16I 

castanoldes  Newberry I6I 

R. 

Ranales 12-14,163 

Ransome,  F .  L. ,  cited 65 

Redwall  limestone,  analyses  of  limestone  from 55 

definition  of. 54 

fossils  In,  near  Bass  trail,  Arit 66-^7 

nature  of 26,31-32,54-65 

subdivisions  of 64-65 

thickness  of 56 

typical  exposure  of,  opposite  mouth  of  Garnet  Canyon,  Ariz., 

plate  showing 40 

Reeside,  John  B.,  jr.,  The  fauna  of  the  so-called  Dakote  formation 
of  northern  central  Colorado  and  its  equivalent  In 

southeastern  Wjroming 199-207 

Rhamnaoeae .•. 16-16,169-170 

Rhamnites  knowltoni  Berry,  new  name 16 

Rhanmus  clebuml  Lesquereux 15 

marginatus  apiculatus  Berry 15-18 

Rhus  acuminate  Lesquereux 167 

lesquereuxii  Knowlton  and  (Cockerell 167 

myiicoides  Knowlton,  n.  sp 168 

nigricans  (Lesquereux)  Knowlton,  n.  comb 168 

variabilis  (Newberry)  Knowlton,  n .  comb 167-168 

Ribes  protomdacnum  Cockerell 188-189 

Rio  Colorado,  Tex.,  water  carried  by 102 


212 
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RodenUa 121-127 

Resales 14,163-166 

Rubiales 173 

RabosT  Inquirendtis  Knowlton,  n .  sp 18S 

S. 

Sabal  powellii  Newberry 163 

Sabina  linguaefolia  ( Lesquereux )  Cockerell 1 87 

Salix  angusta  Al.  Braimf    Newberry 171 

linearis  Knowlton,  n.  sp 155 

longlaffliTninata  Knowlton,  n.  sp 155-156 

media  Heer 156 

sp 156 

Salt,  oocurrenoe  of,  in  the  Tapeats  sandstone 39 

Sambucus?  winchesterl  Knowlton,  n.  sp 173 

San  Antonio,  Tex.,  Wilcox  fossilsfrom 3 

San  Pedro  Valley,  Ariz.,  collection  of  fossilsin 119 

geologic  bcHizon  i  ndicated  for 120-121 

list  of  fossil  vertebrates  from 120 

past  dimatlc  conditions  indicated  in 120-121 

Sapindalfis 14-15,166-160 

Sapindus  dentoni  Lesquereux 166 

obtusifoUus  Lesquereux 160-167 

wincfaesteri  Knowlton,  n.  sp 167 

Schisaeaoeae .* 149-150 

Bchuchert,  Charles,  dted 42,43,57,50,65-66 

Sciurldae 121-122 

Sedum7  hesperium  Knowlton,  n.  sp 163-164 

Seward, —,  dted 151 

Simarubaoeae 166 

Sigmodon  curtisi  Gidley ,  n .  sp 125 

medius  Gidley,  n.  sp 126 

minor  Gidley,  n.  sp 126-126 

Sophora  coloradensis  ICnowlton,  n.  sp 165 

Species,  principles  that  should  govern  founding  of 10 

Spermatophyta 8-20,152-176 

Sphaerites  myrlcae  (Lesquereux)  Meschlnelll 148 

Spheria  myricae  Lesquereux 149 

Sterculia  aoeroides  Knowlton,  n.  sp 191 

puryearensis  Berry 17 

wilooxensls  Berry,  n.  sp 17 

Sterculiocarpus  eocenicus  Berry 17-18 

Supai  formtftion,  definition  of 59-60 

fossils  in,  near  Bass  Canyon,  Ariz 62-63 

nature  of 26,29-31,60 

subdivisions  of 60-62 

typical  exposure  of,  opposite  mouth  of  Garnet  Canyon,  Ariz., 

plate  showing 40 

unconformities  between  Hermit  shale  and,  Bright  Angel 

quadrangle,  Ariz.,  plate  showing 61,64 

unconformity  between  Hermit  formation  and,  on  the  Hermit 

trail,  Ariz 63-64 

T. 

Tapeats  sandstone,  fossils  in,  at  Nunkoweap  VaDey,  Ariz 38-39 

nature  of ,  at  Bass  trail,  Ariz 27,35-36,37-38 

stratigraphic  relations  of 38 

subdivisions  of 38 

thickness  of 38 

t3rpical  exposure  of,  opposite  mouth  of  Elves  chasm,  Ariz., 

plate  showing .* 40 

Taxodiaoeae 6-8 

Temnasp.  A 113-114, PL XXXn 

Temple  Butte  limestone,  analyses  at  limestone  from,  near  Bass 

traU,Ariz 52 

fossilsin, 62 

nature  of 26^32-33^51-52 

typical  exposure  of,  opposite  mouth  of  Garnet  Canyon,  Ariz., 

plate  showing 40 

unconfarmities  between  Muav  limestone  and,  in  Shinumo 

quadrangle,  Ariz.,  plates  showing 50^  51 

Teredo  maverickensis  Gardner,  n.  sp 114,  PI.  XXXII 

Terminalialesleyana  (Lesquereux)  Berry 19-20 

radobojensis  Heer 1 2-19 

Texas,  Wilcox  flora  in 1 

extreme  southern,  Beaumont  clay  in 100-101 
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Texas,  extreme  southern,  Bigford  fonnattoD  in 92-03: 

extreme  southern,  brick  clays  In 105- 

Carrizo  sandstone  in 91-92 

Claiborne  group  in 93-97 

coal  in 93,105-lOft 

coastal  deposits  in l(& 

Cook  Mountain  formatioQ  in 94-95 

Cretaoeous-Eooene  line  in 87 

delta  deposits  in 102 

economic  geology  of 104-107 

Eocene  fonnatioos  In. 87-95 

Fayette  sandstone  in 97 

fossils coUected in..  89, 90^ 91, 92; 94^9^ 96^97, 10^101,102;  100, 117 

Frio  clay  in 97-92 

geography  of 85-87 

gravel,  sand,  and  road  material  in 105-107 

IndioformatiaQm 90—91 

Leona  formation  in 101-102 

Lissie  gravel  in 100 

Midway  formation  in 88-^ 

Miocene  formations  in 98 

Mount  Selman  formation 93-04 

OakviUe  sandstone  in 95 

oil  and  gas  in 104-105 

Pleistocene  formations  in 100- 102 

Pliocene  (?)  formation  in 98-100 

Recent  deposits  in 102-105 

Reynosa  formation  in 98-100 

stratigraphy  of 87-103 

structure  of 103-104 

terraces  on  rivers  in 101 

Wilcox  group  in 89-95 

wind-blown  sand  in 102-105 

Yegua  formation  in 96-97 

Thallophyta 148-141^ 

Thymeleales 18-19,165 

Tonto  group,  columnar  sections  of,  In  the  Grand  Canyon,  Ariz. . .       35 
divisions  and  general  features  of,  at  Bass  trail,  Ariz. . .  25-27, 36-37 

Tonto  shelves,  shelter  for  camps  afforded  by 37 

Trowbridge,  A.  C,  A  geolo^c  reconnaissance  in  the  Gulf  CU)astal 

plain  of  Texas  near  the  Rio  Grande 85-117 

U. 

TJdden,  J.  A.,  acknowledgment  to 85 

Ulmaceae 161-162 

Umbellales 172 

Urticales 8,1^161-162 

V. 

Vaughan,  T.  W.,  acknowledgment  to 85 

Venericardia  alticostata  subsp.  Gardner,  n.  subsp 112-115 

(alticostata  subsp.)  whitel  Gardner,  n.  subsp 112,  PI.  XXXn 

n.  subsp.  hesperia 112,  PL  XXXII 

perantiqua  Conrad 112 

Veneridae 115 

Vitaceae 170-171 

VltisflorissanteUaCockerelL 181^ 

W. 

Walcott,  C.  D.,  acknowledgment  to 25 

dted 47,49,50 

Washakie  station,  Wyo.,  Green  River  fossils  from 138-139 

Wentworth,  Chester  K.,  The  shapes  of  beach  pebbles 7S-f^ 

White,  C.  A.,  cited 208 

White,  David,  fossils  determined  by 65 

White  River,  Wyo. ,  Green  River  fossils  from  mouth  of 135 

Widdringtonia  linguaefolia  Lesquereux 187 

Wilcox  flora,  new  species  added  to 2 

Wilcox  time,  climate  of 1 

Winchester,  D.E.,  cited 13S,I3J> 

WoodwOTth,  J.  B.,  acknowledgment  to 83 

X. 

Xyridales 154-155 

Z. 

Zizyphus  dnnamomoldes  (Lesquereux)  Lesquereux 170 

longifoUa  Newberry 159-170 
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